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Chapter 1
General introduction and outline of thesis
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Tropical bays, lagoons and estuaries containing mangroves and seagrass beds can 
harbour high densities and a high species richness of freshwater, estuarine-dependent, 
coral reef, or pelagic fishes (Pollard 1984, Parrish 1989, Robertson & Blaber 1992). 
Several hypotheses have been proposed to explain the high abundance and diversity of 
fishes in mangroves and seagrass beds. These hypotheses are based on avoidance of 
predators, abundance of food, and interception of fish larvae in these shallow-water 
biotopes:
1. The structural complexity of mangroves and seagrass beds provide excellent 
shelter against predators (Parrish 1989, Robertson & Blaber 1992).
2. Mangroves and seagrass beds are often located at a distance from the coral reef 
or off-shore waters and are therefore less frequented by predators (Shulman 
1985, Parrish 1989).
3. The relatively turbid waters of bays, lagoons and estuaries decrease the foraging 
efficiency of predators (Blaber & Blaber 1980, Robertson & Blaber 1992).
4. Mangroves and seagrass beds provide a great abundance of food for fishes 
(Odum & Heald 1972, Carr & Adams 1973, Ogden & Zieman 1977).
5. Mangroves and seagrass beds often cover extensive areas and may intercept 
planktonic fish larvae more effectively than coral reefs (Parrish 1989).
Tropical bays, lagoons and estuaries containing mangroves and seagrass beds appear 
to be especially important as nursery areas for a variety of coral reef fish species. Many 
studies in the Caribbean have observed juveniles of coral reef fishes in mangroves and 
seagrass beds (e.g. Austin 1971, Weinstein & Heck 1979, Baelde 1990, Sedberry & 
Carter 1993). The adults of these species have been observed on the coral reef or in off­
shore waters, suggesting that the juveniles migrate from the mangroves and seagrass 
beds to the reef or deeper waters at a certain age (Ogden & Ehrlich 1977, Weinstein & 
Heck 1979, Rooker & Dennis 1991).
In the Indo-Pacific the nursery function of mangroves and seagrass beds has been 
questioned, however. In some regions these biotopes function as important nurseries for 
fishes (Blaber 1980, Bell et al. 1984, Little et al. 1988, Tzeng & Wang 1992), but in 
other regions this does not appear to be the case (Quinn & Kojis 1985, Thollot & 
Kulbicki 1988, Blaber & Milton 1990, Thollot 1992). In the Caribbean it has generally 
been accepted that mangroves and seagrass beds form important nurseries for juveniles 
of several reef fish species (Ogden & Gladfelter 1983, Parrish 1989).
Several interactions are present between mangroves, seagrass beds and the coral reef. 
Physical interactions include regulation of fresh water flows into coastal areas by 
mangroves, and reduction of sediment loads (e.g. coastal run-off) to the coral reef by 
mangroves and seagrass beds (Ogden & Gladfelter 1983). Mangrove and seagrass beds 
may also export nutrients to the reef as dissolved and particulate organic matter. Animal 
migrations form an important link between mangroves, seagrass beds and coral reefs, 
and are based on short-term feeding migrations or life-history migrations (Ogden & 
Gladfelter 1983).
Although thousands of studies have been done on mangroves, seagrass beds, and 
coral reefs, few studies have investigated the interactions between these coastal 
ecosystems (Birkeland 1985). In-depth studies on the ontogenetic shifts of fishes
12 Chapter 1
between these biotopes are largely lacking, mainly because of methodological problems. 
Furthermore, bays and lagoons often not only contain mangroves and seagrass beds, but 
a variety of other shallow-water biotopes, such as algal beds, areas with bare sediment, 
channels, sand-rubble zones or patch reefs. The linkages of fishes between these 
biotopes remain largely unknown (Ogden & Gladfelter 1983, Birkeland 1985, Parrish 
1989).
Many studies have noticed the presence of juvenile coral reef fishes in mangroves 
and seagrass beds, but there is no direct evidence that absence of these biotopes has any 
influence on the fish community structure of adjacent reefs (Birkeland 1985, Roberts 
1996). Few studies have quantified the proportions of reef fishes that pass through these 
nursery biotopes, and little information is present whether or not other biotopes can be 
used as alternative nurseries. Many basic questions on the interactions between shallow- 
water biotopes remain unanswered such as:
1. Which shallow-water biotopes are used as nursery areas by coral reef fishes?
2. Can multiple nursery biotopes be used or do fishes favour just one biotope?
3. Which ontogenetic shifts in biotope utilisation occur for the different reef fish 
species?
4. Do juveniles of closely related fish species show a different pattern of biotope 
utilisation as a result of competition?
5. Which reef fish species in particular utilise shallow water biotopes as nurseries?
6. Which diel and spatial differences in biotope utilisation occur for juvenile reef 
fishes in different shallow-water biotopes?
7. To which degree does food availability explain differences in biotope 
utilisation?
8. Is the dependence of reef fishes on mangroves and seagrass beds obligate or 
facultative?
9. What are the effects of absence of mangroves and seagrass beds on the reef fish 
stocks?
In the present thesis these questions were answered. Fish communities were studied 
at different levels: first the investigations were focussed on the mangroves, seagrass beds 
and the adjacent coral reef, then on six different bay biotopes and the adjacent reef, then 
on the diurnal/nocturnal change-over in these biotopes, then on the fish feeding guild 
structure in these biotopes, then on different bays of one island, and finally on different 
Caribbean islands (Fig. 1). Such an approach can give an insight into the general 
importance of bay biotopes for (commercially important) reef fishes, which is of utmost 
value for the management of mangroves, seagrass beds and coral reefs. These 
ecosystems are diminishing world-wide as a result of anthropogenic disturbances 
(Shepherd et al. 1989, Ginsburg 1994, Spalding 1998).
Chapter 2 forms the basis of this thesis. The importance of and linkages between 
mangroves, seagrass beds and four depth zones of the coral reef were studied in Bonaire, 
Netherlands Antilles, for sixteen commercially important reef fish species. For an insight 
into ontogenetic shifts in biotope utilisation, for each size class (5 cm) of
General introduction and outline of thesis 13
daytime fish communities o f  reefs on different islands with 
and w ithout bays containing m angroves/seagrass beds
daytime fish communities o f  seagrass beds and mud flats in 
different bays w ith and without m angroves/seagrass beds
fish feeding guild structure o f  mangroves, seagrass beds, 
algal beds, channel, notches, boulders, and coral reef 
depth zones for diurnally and nocturnally active fishes
Fig. 1. Set-up of the 
study-design. The figure 
shows the different levels 
at which the fish 
community was studied 
(bottom = lowest level; 
top = highest level).
each fish species it was established which biotopes are utilised. Furthermore, biotope 
utilisation was studied between closely related fish species and size classes in order to 
reveal divergence in biotope utilisation resulting from competition for factors such as 
shelter and food.
In Chapter 3 the first study is extended and biotope utilisation is studied for the 
complete fish communities of all shallow-water biotopes in the Spanish Water Bay and 
of the adjacent coral reef in Curaçao, Netherlands Antilles. The six bay biotopes studied 
were: mangroves, seagrass beds, algal beds, channel, fossil reef boulders and notches in 
fossil reef rock. The spatial distribution of fishes and their size classes was studied in the 
mangroves and seagrass beds and the relation with environmental variables and habitat 
complexity investigated. On basis of biotope utilisation of the different size classes it 
was established for each fish species whether the Spanish Water Bay functions as a 
nursery, as a life-time habitat, or as an extension of the shallow coral reef (i.e. 
facultative habitat).
In Chapter 4 biotope utilisation of the different biotopes in the Spanish Water Bay 
and of the coral reef is studied at night to reveal diel changes in biotope utilisation. Fish 
community structure of and migration patterns among the different biotopes were 
investigated. For Haemulidae and Lutjanidae the relation between their diet and food 
availability in the different biotopes was investigated in order to explain their diel 
feeding migration patterns.
In Chapter 5 the results of the study in Chapter 3 are used to investigate the fish
daytime fish communities 
o f  m angroves, seagrass beds, 
algal beds, channel, notches, 
boulders, and coral reef 
depth zones
night-time fish communities 
o f  m angroves, seagrass beds, 
algal beds, channel, notches, 
boulders, and coral reef 
depth zones
X
daytime fish communities o f  mangroves, 
seagrass beds, and coral reef depth zones
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feeding guild structure in the different biotopes for diurnally and nocturnally active fish 
species. Furthermore, it was attempted to explain the observed guild structure in terms 
of food availability.
In Chapter 6 the dependence of reef fishes on mangroves and seagrass beds as 
nurseries is established. Fish community structure was studied in eleven different bays in 
Curaçao, which are categorised into four different biotope types: seagrass beds in bays 
containing mangroves, seagrass beds in bays lacking mangroves, mud flats in bays 
containing mangroves and seagrass beds, and mud flats in bays lacking mangroves and 
seagrass beds. Based on presence, absence or lowered densities of fish species in the 
different biotope types it could be established whether mangroves and seagrass beds are 
obligate or facultative nurseries for the different reef fish species.
In Chapter 7 the dependence of reef fishes on mangroves and seagrass beds is 
established for coral reef fish communities on island level. Densities of seventeen reef 
fish species, utilising mangroves and seagrass beds as nurseries, were compared on reefs 
of Caribbean islands with and without bays containing mangroves and seagrass beds. 
This provided an insight into the effect of absence of bays with mangroves and seagrass 
beds onto the reef fish stocks of the selected fish species. The dependence of reef fish 
species on these nursery biotopes could thus be established.
In Chapter 8 a general discussion is given. This is followed by a summary in English, 
Dutch and Papiamentu, a list of the references cited in this thesis, the 
acknowledgements, and a list of publications and curriculum vitae of the author.
Chapter 2
Importance of mangroves, seagrass beds and the shallow 
coral reef as a nursery for important coral reef fishes, 
using a visual census technique
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ABSTRACT: The nursery function of various biotopes for coral reef fishes was 
investigated on Bonaire, Netherlands Antilles. Length and abundance of sixteen 
commercially important reef fish species were determined by means of visual censuses 
during the day in six different biotopes: mangrove prop-roots (Rhizophora mangle) and 
seagrass beds (Thalassia testudinum) in Lac Bay, and four depth zones on the coral reef 
(0 to 3 m, 3 to 5 m, 10 to 15 m, and 15 to 20 m). The mangroves, seagrass beds and 
shallow coral reef (0 to 3 m) appeared to be the main nursery biotopes for the juveniles 
of the selected species. Mutual comparison between biotopes showed that the seagrass 
beds were the most important nursery biotope for juvenile Haemulon flavolineatum, H. 
sciurus, Ocyurus chrysurus, Acanthurus chirurgus and Sparisoma viride, the mangroves 
for juvenile Lutjanus apodus, L. griseus, Sphyraena barracuda and Chaetodon 
capistratus, and the shallow coral reef for juvenile H. chrysargyreum, L. mahogoni, A. 
bahianus and Abudefduf saxatilis. Juvenile Acanthurus coeruleus utilised all six 
biotopes, while juvenile H. carbonarium and Anisotremus surinamensis were not 
observed in any of the six biotopes. Although fishes showed a clear preference for a 
specific nursery biotope, most fish species utilised multiple nursery biotopes 
simultaneously. The almost complete absence of juveniles on the deeper reef zones 
indicates the high dependence of juveniles on the shallow water biotopes as a nursery. 
For most fish species an (partial) ontogenetic shift was observed at a particular life stage 
from their (shallow) nursery biotopes to the (deeper) coral reef. Cluster analyses showed 
that closely related species within the families Haemulidae, Lutjanidae and 
Acanthuridae, and the different size classes within species in most cases had a spatial 
separation in biotope utilisation.
INTRODUCTION
Many studies in various parts of the world have recognised the importance of 
mangroves and seagrass beds as a habitat for fishes. Mangroves and seagrass beds have 
been shown to contain a high diversity and abundance of estuarine and/or coral reef 
fishes in the Caribbean (e.g. Springer & McErlean 1962, Austin 1971, Weinstein & 
Heck 1979, Thayer et al. 1987, Baelde 1990, Sedberry & Carter 1993), in the Indian 
Ocean (e.g. Little et al. 1988, van der Velde et al. 1995, Pinto & Punchihewa 1996), and 
in the Pacific Ocean (e.g. Blaber 1980, Bell et al. 1984, Robertson & Duke 1987, Blaber 
& Milton 1990, Morton 1990, Tzeng & Wang 1992).
Several hypotheses have been proposed to explain the high abundance of (juvenile) 
fishes in mangroves and seagrass beds. The hypotheses are based on avoidance of 
predators, the abundance of food and the interception of fish larvae: (1) the structural 
complexity of these biotopes provide excellent shelter against predators (Parrish 1989, 
Robertson & Blaber 1992), (2) these biotopes are often located at a distance from the 
coral reef or from off-shore waters and are therefore less frequented by predators 
(Shulman 1985, Parrish 1989), (3) the relatively turbid water of the bays and estuaries 
decrease the foraging efficiency of predators (Blaber & Blaber 1980, Robertson & 
Blaber 1992), (4) these biotopes provide a great abundance of food for fishes (Odum &
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Heald 1972, Carr & Adams 1973, Ogden & Zieman 1977), and (5) these biotopes often 
cover extensive areas and may intercept planktonic fish larvae more effectively than the 
coral reef (Parrish 1989).
Studies on fish community structure in Caribbean lagoons, bays and estuaries 
containing mangroves or seagrass beds often mention high densities of juvenile fish and 
state that these biotopes function as nursery areas for various coral reef fish species (e.g. 
Austin 1971, Weinstein & Heck 1979, Baelde 1990, Sedberry & Carter 1993). In the 
Indo-Pacific, however, the nursery function of these biotopes is only apparent in some 
regions (Blaber 1980, Bell et al. 1984, Little et al. 1988, Tzeng & Wang 1992), whereas 
in other regions these biotopes do not appear to be important (Quinn & Kojis 1985, 
Thollot & Kulbicki 1988, Blaber & Milton 1990, Thollot 1992).
Most studies describing the nursery function of mangroves and seagrass beds were 
based on qualitative observations, made no distinction between abundances of juvenile 
and adult fishes, and did not provide quantitative data on fish size. The few studies 
which did provide size data for separate species only mentioned the full size range of all 
fish caught (Springer & McErlean 1962, Austin 1971). Hence, size-frequency data of 
juvenile and adult reef fish are largely lacking for these biotopes. Furthermore, many 
fish species show ontogenetic shifts in habitat utilisation and migrate from their nursery 
grounds to an intermediate life stage habitat or to the coral reef (Ogden & Ehrlich 1977, 
Weinstein & Heck 1979, McFarland 1980, Rooker & Dennis 1991). The size range and 
the biotopes where these shifts occur have also not been accurately described for many 
fish species.
Studies referring to the nursery function of lagoons, bays and estuaries in the 
Caribbean have mostly focused on either mangroves or seagrass beds, and usually with a 
different sampling method. This makes a comparison between studies and biotopes 
difficult. Only a few studies have sampled both biotopes simultaneously (Thayer et al. 
1987, Sedberry & Carter 1993), and even fewer have included censuses on the adjacent 
or off-shore coral reef (e.g. van der Velde et al. 1992). Hence, quantitative data 
describing the ecological links of fish faunas between mangroves, seagrass beds and 
coral reefs are largely lacking (Ogden & Gladfelter 1983, Birkeland 1985, Parrish
1989).
To provide a better insight into the importance of mangroves, seagrass beds and 
depth zones of the coral reef as nursery biotopes and their interrelationship in fish fauna, 
size frequency data were collected for sixteen commercially important reef fish species 
in each biotope, using a visual census technique. The objectives of the present study 
were to answer the following four questions: (1) Which biotopes are used as a nursery 
by the selected fish species? (2) Which biotope is preferred by a fish species in case 
multiple nursery biotopes are used? (3) Do fish species show an ontogenetic shift from 
their nursery biotopes to other biotopes when reaching a larger size? and (4) Do closely 
related fish species show a spatial separation in biotope utilisation?
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MATERIALS AND METHODS
Lac Bay is the largest bay of Bonaire with an area of approximately 8 km2 and is 
situated on the exposed eastern side of the island (Fig 1a). The bay consists of a shallow 
basin (0 to 3 m deep) and is protected from wave exposure by a shallow barrier of dead 
and living corals (Fig. 1b). The bay is connected to the sea by a narrow channel which is 
about 8 m deep. The soft-bottom flora of the bay is dominated by the seagrass Thalassia 
testudinum and the calcareous alga Halimeda opuntia. Other common vegetation 
consists of the seagrass Syringodium filiforme and the alga Avrainvillea nigricans. The 
bay is bordered almost completely by the mangrove Rhizophora mangle. In front of the 
bay the coral reef is situated, which runs around the island. The reef consists of a 
shallow reef terrace which sharply drops off at an angle of 45 to 60° at a depth of 8 to 12 
m.
The maximum tidal range on Bonaire is 30 cm (van Moorsel & Meijer 1993). The 
seagrass beds and mangrove prop-roots at the study sites were not exposed at low tide 
and ranged in depth from 0.3 to 1.4 m (Table 1). The temperature, measured during the 
entire study period, ranged from 28.5 to 34.0 °C in the bay, and was on average higher 
than on of the coral reef where it ranged from 26.8 to 29.8 °C. The salinity, measured at 
the beginning and at the end of the study period, ranged from 37 to 44 in the seagrass 
beds and from 39 to 44 in the mangroves. The water of the bay is quite clear and 
horizontal Secchi visibility ranges from 4.6 to 21.6 m in the central parts of the bay (van 
Moorsel & Meijer 1993).
Sixteen reef fish species were selected in the present study. Species were selected 
which were abundant, not too shy, easy to identify in the field, and had a non-cryptic life 
style. Further selection was on basis of their economic value (i.e. reef fisheries, 
aquarium fisheries, attraction for diving industry). The 16 species consisted of five 
species of grunts (Haemulidae): french grunt Haemulon flavolineatum, bluestriped grunt
H. sciurus, smallmouth grunt H. chrysargyreum, caesar grunt H. carbonarium, and 
black margate Anisotremus surinamensis; four species of snappers (Lutjanidae): 
yellowtail snapper Ocyurus chrysurus, mahogany snapper Lutjanus mahogoni, 
schoolmaster L. apodus, and gray snapper L. griseus; three species of surgeonfishes 
(Acanthuridae): doctorfish Acanthurus chirurgus, ocean surgeon A. bahianus, and blue 
tang A. coeruleus; one species of barracuda (Sphyraenidae): great barracuda Sphyraena 
barracuda; one species of parrotfish (Scaridae): stoplight parrotfish Sparisoma viride; 
one species of damselfish (Pomacentridae): sergeant major Abudefduf saxatilis; and one 
species of butterflyfish (Chaetodontidae): foureye butterflyfish Chaetodon capistratus.
The selected fish species were studied using a visual census technique in six different 
biotopes, viz. mangrove prop-roots and seagrass beds, and the coral reef of 0 to 3 m, 3 
to 5 m, 10 to 15 m, and 15 to 20 m (Fig. 1a, b). Water clarity for visual censuses was 
good in all six biotopes, even in the mangroves. The visual census technique was based 
on best estimation by eye of abundance and body length of the selected fish species in 
permanent belt transects in all six biotopes. Size classes of 5 cm were used for the 
estimation of body length (TL). The usage of smaller size classes was
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Fig. 1. (a) Map of Bonaire showing the different coral reef study sites. a: 
20 to 25 m, b: 10 to 15 m, c: 3 to 5 m, d: 0 to 3 m. (b) Map of Lac Bay 
showing the different mangrove (II, IV, VI, VII, VIII, IX) and seagrass 
bed (I, III, V) study sites. A. cervicornis = Acropora cervicornis
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Table 1. Depth, temperature and salinity of the sea water in the six different 
biotopes. nd: no data
Depth (m) Temperature (oC) Salinity (°/,o)
Seagrass bed 0.4 - 1.4 28.6 - 33.4 37 - 44
M angroves
.
2
.
30. 28.5 - 34.0 39 - 44
Coral reef 0 - 3 29.0 - 29.8 nd
Coral reef 3 - 5 27.1 - 29.3 nd
Coral reef 10 - 15 27.1 - 29.8 nd
Coral reef
in202 26.8 - 29.5 nd
avoided to reduce differences in size class estimation between observers. For the large­
sized Sphyraena barracuda size classes of 15 cm were used. Length estimation was 
practised prior to the censuses on objects with known length lying on the sea bottom. In 
addition, the underwater slates for data recording were marked with a ruler for guidance 
in size estimation. Visual census estimations of fish abundance were compared with 
catches at two seagrass sites using the drop net quadrat method (Hellier 1958). At sites 
VIII and IX (see Fig. 1b) a drop net of 10 x 10 m was installed on the seagrass bed. 
During the morning (9:00 to 10:00 hrs) the net was lowered onto the sea bottom and all 
fishes within the net were caught, identified and counted. A total of seven drop net 
catches were made at the two seagrass sites during August to December 1981. In 
addition, differences in estimation of abundance was statistically tested (t-test) between 
the two observers for each species in each biotope (96 cases).
Advantages of visual censuses are that they are rapid, non-destructive, inexpensive, 
can be used for all selected biotopes of this study, the same areas can be resurveyed 
through time, and the results can be compared with many other studies (English et al. 
1994). Disadvantages are the differences in accuracy in estimation of numbers and sizes 
by the observers, and fishes may be attracted or scared off by the observers (English et 
al. 1994, Cheal & Thompson 1997, Thompson & Mapstone 1997).
In each of the six biotopes, permanently marked belt transects were established. In 
the seagrass beds, a transect of 300 x 3 m was established at three different sites. In the 
mangroves, nine transects were established of 3 m wide and 25 to 100 m long. On the 
coral reef, six sites were selected and at each site, transects of 3 x 100 m were 
established at two to four depth zones (Fig. 1a). During May to November 1981, visual 
censuses were done by two trained observers together in the morning (9:00 to 11:00 hrs) 
and in the afternoon (14:00 to 16:00 hrs) by means of snorkelling or SCUBA diving. 
The census in each transect was repeated at monthly intervals. The fish counts in 
transects at the different sites, of the morning and afternoon survey, and of all seven 
months were pooled and averaged per area. They are expressed as the average fish 
density per 1000 m2 for each size class of each species in each biotope.
K>K>
Table 2. M ean density (1000 m"2) o f the sixteen fish species in the six different biotopes surveyed by visual census, and mean density on the 
seagrass beds based on drop net catches
Seagrass bed 
drop net visual census
M angroves Coral reef 
0 - 3 m
Coral reef 
3 - 5 m
Coral reef 
10 - 15 m
Coral reef 
20 - 25 m
Haemulon flavolineatum 782.5 115.3 59.9 52.4 37.4 12.4 2.9
H. sciurus 12.7 5.5 4.3 0.4 0.4 9.6 0.5
H. chrysargyreum 0.0 0.01 0.0 64.7 53.9 0.0 0.0
H. carbonarium 0.0 0.0 0.0 0.0 0.0 5.4 0.1
Anisotremus surinamensis 0.0 0.0 0.0 0.0 0.0 0.8 0.1
Ocyurus chrysurus 20.6 16.4 1.2 0.0 1.1 24.7 11.8
Lutjanus mahogoni 0.0 1.1 0.0 9.6 1.7 12.6 2.3
L. apodus 30.2 8.1 65.8 0.5 0.0 9.7 3.4
L. griseus 4.8 8.7 29.9 0.0 0.0 0.0 0.04
Acanthurus chirurgus 0.0 9.2 0.8 5.6 0.1 0.6 0.8
A. bahianus 27.0 3.3 0.2 86.6 19.3 5.6 4.4
A. coeruleus 0.0 1.1 2.6 10.2 21.8 7.7 4.5
Sphyraena barracuda 6.3 0.9 5.1 0.0 0.0 0.1 0.2
Sparisoma viride 60.3 26.1 1.4 11.1 34.6 11.4 6.3
Abudefduf saxatilis 0.0 0.2 3.9 65.2 0.3 16.8 0.1
Chaetodon capistratus 12.7 4.9 16.7 2.7 14.4 23.1 9.6
C
hapter 
2
Table 3. Importance (+) o f the six different biotopes for juveniles and adults o f the different fish species. * indicates most important biotope for juveniles. 
Maturation size refers to that o f the smallest individuals and not to the species average. Maturation data are from De Sylva 1963, Starck & Schroeder 1971, 
Munro 1983. Ontogenetic migration indicates the migration of juveniles to the (deeper) coral reef when reaching adult sizes; +/-: partial ontogenetic migration 
(i.e. part o f the fish population). Feeding guilds: BI: benthic invertebrate feeder, PI: planktonic invertebrate feeder, P: piscivore, H: herbivore, O: omnivore. 
Ontogenetic shifts in feeding guild are indicated as that o f juveniles/adults
OB
•3
Juveniles Adults
■-L/ '-L/ '- r '-r n i ■-l/ ■-l/  '- r '-r
Haemulon flavolineatum BI > 10 +* + + + + +
H. sciurus BI > 15 +* + + +
H. chrysargyreum BI > 15 +* + + +/-
H. carbonarium BI > 15 + ?
Anisoiremus surinamensis BI > 20 + ?
Ocyurus chrysurus PI > 25 +* + + +
Luijanus mahogoni BI/P > 20 + +* + + + +
L. apodus BI/P > 25 + +* + + + +
L. griseus BI/P > 15 + +* + -
Acanthurus chirurgus H > 15 +* + + + + +/-
A. bahianus H > 10 + +* + + +/-
A. coeruleus H > 10 + + + + + + + + +/-
Sphyraena barracuda P > 45 + +* + + + + +/-
Sparisoma viride H > 15 +* + + + + + +/-
Abudefduf saxatilis O > 10 +* + + +/-
Chaetodon capistratus H/BI > 5 + +* + + + + +
K>U>
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Haemulon flavolineatum ■  Coral reef 20 - 25 m
□  Coral reef 10 - 15 m
□  Coral reef 3 - 5 m
□  Coral reef 0 - 3 m
□  Seagrass bed
□  Mangroves
0 '  5 5 '  10 10 '  15 15 '  20
Size class (cm)
Size class (cm)
Size class (cm)
Size class (cm)
20 '  25
Fig. 2 . Summed mean 
densities of Haemulidae in 
different biotopes
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Fig. 2 . Continued
Size class (cm)
Cluster analyses were carried out using the computer programme CLUSTAN1C2 
(Wishart 1978). The average-linkage method (Sokal & Michener 1958) was used in 
combination with the Bray-Curtis coefficient. Separate analyses were carried out for 
closely related species belonging to a single family (Haemulidae, Lutjanidae, 
Acanthuridae) using log-transformed data of the densities in the different size classes 
and biotopes. Cluster analysis of all species together was carried out on data in which 
densities per size class for each biotope were transformed to percentages of total 
composition of a particular species. This was done to compare biotope utilisation 
between species without the data being affected by differences in total fish densities.
RESULTS 
Drop net catches versus visual census
Catches with the drop net showed higher abundances for some fish species than 
estimations with the visual census technique (Table 2), especially for H. flavolineatum. 
On the other hand, visual estimations of abundance of A. chirurgus were much higher 
than with the drop net quadrat method. For the visual censuses, only in 8 out of 61 cases 
a significant difference (p < 0.05, t-test) was found in estimation of abundance between 
the two observers (for 35 cases insufficient data was available for statistical testing).
Biotope utilisation of Haemulidae
Juveniles of Haemulidae were restricted to shallow water biotopes (i.e. seagrass 
beds, mangroves and reef of 0 to 3 m), whereas adults were found on the deeper reef (>3 
m) (Fig. 2, Table 3). An exception was formed by adult Haemulon chrysargyreum 
which were also found on the reef of 0 to 3 m. Large juveniles of H. sciurus utilised the 
mangroves as an intermediate life stage biotope, in their ontogenetic shift from the 
seagrass beds to the coral reef. Haemulon flavolineatum showed significant temporal
r60
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Fig. 3. Cluster 
analysis of all size 
classes of
Haemulidae in 
different biotopes. 
H. fl. : Haemulon 
flavolineatum,
H. sc.: H. sciurus,
H. ch.:
H. chrysargyreum, 
H. ca.:
H. carbonarium,
A. su.: Anisotremus 
surinamensis. The 
numbers indicate the 
size classes (cm)
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Fig. 4. Cluster analysis of all sixteen fish species based on the abundance of each size 
class in the different biotopes
differences in total density in the seagrass beds (Friedman’s test, p < 0.05), increasing 
from 25.4 per 1000 m2 in May to 178.9 per 1000 m2 in October.
Cluster analysis of all size classes of all haemulids also showed a spatial separation 
in biotope utilisation among the different size classes and/or species, with juveniles 
found in the mangroves and seagrass beds, medium-sized individuals on the reef and 
partly still in the mangroves, and very large individuals on the deep reef (Fig. 3). 
Haemulon chrysargyreum formed a separate cluster since adults partly co-occurred with 
the juveniles in their nursery habitat.
Species of Haemulidae showed a spatial separation in biotope utilisation and 
occurred in different biotope clusters as calculated by cluster analysis (Fig. 4). 
Furthermore, the Haemulidae were not found together in a single cluster with any 
species belonging to the same feeding guild (Fig. 4, Table 3). Only H. carbonarium and 
A. surinamensis showed some similarity in biotope utilisation, but the former was much 
more abundant than the latter (Fig. 2). Considering the entire species size range, H. 
flavolineatum dominated over its related species in the seagrass beds, mangroves and 
reef of 20 to 25 m, but co-occurred with H. chrysargyreum on the reef of 0 to 5 m (Fig. 
5a, Table 2). Haemulon sciurus and H. carbonarium co-occurred with H.
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OH. flavolineatum MH. sciurus 
(a) DH. chrysargyreum DH. carbonarium 
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d  A. chirurgus
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A. coeruleus
Fig. 5. Biotope 
partitioning between 
closely related
species:
(a) Haemulidae,
(b) Lutjanidae,
(c) Acanthuridae. The 
abundance of each 
species is expressed as 
the percentage 
composition of the 
total abundance of all 
related species within 
a single family for 
each biotope. The 
entire size range of a 
species is pooled per 
biotope, although 
preferences may differ 
among size classes. 
For the specific 
differences among 
size classes see Fig. 2, 
6 , 8
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flavolineatum on the reef of 10 to 15 m. Anisotremus surinamensis was not dominant in 
any of the biotopes.
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Biotope utilisation of Lutjanidae
Juveniles of Lutjanidae were restricted to the shallow water biotopes (Fig. 6, Table 
3). Only juveniles of L. mahogoni were also partly found deeper on the reef of 3 to 5 m. 
All species, except L. griseus, showed an ontogenetic shift to the (deeper) coral reef. 
Lutjanus apodus and L. griseus also occurred as adults in the mangroves. Lutjanus 
apodus showed significant temporal differences in total density (Friedman’s test, p < 
0.05), increasing in the mangroves from 57.7 per 1000 m2 in May to 92.3 per 1000 m2 in 
August, and in the seagrass beds from 0.9 per 1000 m2 in May to 17.2 per 1000 m2 in 
October. Ocyurus chrysurus increased in density in the seagrass beds from 4.4 per 1000 
m2 in June to 41.4 per 1000 m2 in November.
Cluster analysis of all size classes of all lutjanids also revealed a clear separation 
between adults and large individuals (except L. griseus) on the deep reef (10 to 25 m), 
and juveniles in the shallow water biotopes (Fig. 7).
Species of Lutjanidae showed a spatial separation in biotope utilisation, except L. 
griseus and L. apodus which showed some degree of similarity in biotope utilisation and 
also belonged to the same feeding guild (Fig. 4, Table 3). Considering the entire species 
size range, L. apodus dominated over its related species in the mangroves, while for L. 
mahogoni and O. chrysurus this was the case on the reef of 0 to 3 m and on the reef of 
20 to 25 m, respectively (Fig. 5b, Table 2). In the other three biotopes, lutjanids co­
occurred without a single species showing an overall dominance.
Biotope utilisation of Acanthuridae
Juveniles of Acanthuridae were restricted to the shallow water biotopes, whereas 
adults were found on the reef (Fig. 8, Table 3). Adults were also found in the juvenile 
nursery habitat (i.e. reef of 0 to 3 m), however, co-occurring with the juveniles. For 
larger juveniles of A. coeruleus the reef of 3 to 5 m was also of importance. Acanthurus 
bahianus showed significant temporal differences in total density (Friedman’s test, p < 
0.05), with peak abundances in the seagrass beds of around 5 per 1000 m2 in July, 
October, and November. Acanthurus coeruleus increased in density on the reef of 3 to 5 
m from 5.4 per 1000 m2 in May to 47.1 per 1000 m2 in September.
Cluster analysis of all size classes of all acanthurids also showed a separation 
between juveniles in the seagrass beds and mangroves, and medium-sized and larger 
individuals on the reef (Fig. 9).
Species of Acanthuridae showed a spatial separation in biotope utilisation and 
occurred in different biotope clusters (Fig. 4). Of the Acanthuridae, only A. coeruleus 
was found with another herbivore species (S. viride) in a single cluster, although the 
dissimilarity in biotope utilisation between the two species was still high (Fig. 4, Table 
3). Considering the entire species size range, each species dominated over its related 
species in a particular biotope: A. chirurgus in the seagrass beds, A. coeruleus in the 
mangroves, and A. bahianus on the coral reef of 0 to 3 m (Fig. 5c, Table 2). In the other 
reef zones, A. coeruleus and A. bahianus co-occurred in almost equal densities.
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Fig. 6 . Summed mean 
densities of Lutjanidae in 
different biotopes
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(a) Acanthurus chirurgus ■  Coral reef 20 - 25 m
□  Coral reef 10 - 15 m
□  Coral reef 3 - 5 m
□  Coral reef 0 - 3 m
□  Seagrass bed
□  Mangroves
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Fig. 8 . Summed mean 
densities of Acanthuoidae in 
diffeoent biotopes
Biotope utilisation of other species
Foo the oemaining fouo species, juveniles weoe also restricted to the shallow wateo 
biotopes, wheoeas adults occuored on the cooal oeef (Fig. 10 to 13, Table 3). Exceptions 
weoe adult S. barracuda which also used the seagoass beds and mangooves as a life stage 
biotope, and juvenile S. viride which also used the oeef of 3 to 5 m as a nuoseoy biotope. 
Some adult A. saxatilis co-occuored with the juveniles on the shallow oeef. Sphyraena 
barracuda showed significant tempooal diffeoences in total density (Foiedman’s test, p < 
0.05), with densities in the mangooves about two times higheo in
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Fig. 9. Clusteo analysis of all size classes of Acanthuoidae in diffeoent biotopes. A. ba.: 
Acanthurus bahianus, A. ch.: A. chirurgus, A. co.: A. coeruleus. The numbeos indicate the size 
classes (cm)
August - Novembeo than in May - July. Sparisoma viride incoeased in density in the 
seagoass beds foom 12.7 peo 1000 m2 in June to 43.1 peo 1000 m2 in Novembeo, and C. 
capistratus foom 2.0 peo 1000 m2 in May to 8.0 peo 1000 m2 in Novembeo.
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DISCUSSION
Foo seveoal fish species in the seagoass beds the visual census technique showed 
loweo densities than the catches with the doop net quadoat method. Especially H. 
flavolineatum was undeoestimated in the visual censuses. The foomation of laTge schools 
in this and otheo species and the continuous movement of the fishes caused a oeduced 
accuoacy in the estimation of fish abundance. This vaoiation is assumed to be
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compaoable foo the diffeoent biotopes, making a compaoison among the biotopes 
possible. Differences in estimation of abundance between obseoveos weoe poesent, but 
not consistent. Although density estimations in seagoass beds aoe mooe accuoate with the 
doop net quadoat method, the total suoface area sampled (100 m2) was much smalleo than 
with the visual censuses (900 m2), oesulting in laTge variations among the toansects and a 
oestoicted sampling of the biotope studied.
The poesent study shows the impootance of diffeoent shallow wateo biotopes as a 
nuosety foo economically impootant oeef fish species. All fourteen species foo which 
juveniles weoe obseoved used eitheo the mangooves, seagoass beds oo the shallow oeef of 
0 to 3 m, oo a combination of these biotopes, as a nuoseoy. The high dependence of 
juveniles on these biotopes can be deduced foom the fact that juveniles weoe exclusively 
poesent oo highly dominant in these biotopes and not on the deepeo oeef (i.e. >3 m).
The data show that not only mangooves and seagoass beds aoe impootant nuoseoy 
biotopes foo juvenile fishes (e.g. Austin 1971, Weinstein & Heck 1979, Baelde 1990, 
Sedbeooy & Carteo 1993) but also the shallow cooal oeef. Two reasons why mangooves 
and seagoass beds may contain high densities of juvenile fish is theio stouctuoal 
complexity which poovides a hiding place against poedatoos (Bell & Westoby 1986, 
Robeotson & Blabeo 1992), and because they aoe often located at a distance foom the 
cooal oeef and aoe theoefooe less foequented by poedatoos (Shulman 1985, Pamsh 1989). 
These two factoos also apply to the shallow cooal oeef of Bonaioe, which mostly consists 
of living and dead colonies of Acropora palmata, Millepora complanata and otheo 
cooals. The dead and living cooals poovide an ideal hiding space and can house oelatively 
high densities of (juvenile) fish (Nagelkeoken 1974). Fuotheomooe, the shallow oeef is 
sepaoated foom the main cooal oeef and its poedatoos by a shallow oeef teooace of about 75 
to 125 m in width (van Duyl 1985). Shulman (1985) showed that at just 20 m foom the 
main oeef, in an exposed sandy location, poedation on juvenile haemulids was 
consideoably loweo than at the edge of the main oeef.
Biotope utilisation appeare to be veoy specific foo the diffeoent species and theio size 
classes, each having a diffeoent niche. A cleao spatial sepaoation in biotope utilisation 
was found among closely oelated species and among different size gooups within species, 
suggesting avoidance of competition. Biotope partitioning was obseoved foo only a small 
size oange of mostly one oo two oelated species. Likewise, fish species belonging to the 
same feeding guild showed differences in biotope utilisation. Spatial variation acooss 
diffeoent biotopes often occuos among sympatoic fish species (Lewis & Wainwoight 
1985, McAfee & Moogan 1996). Compaoable to the poesent study, Lewis & Wainwoight 
(1985) found a diffeoential biotope utilisation foo the three species of Acanthuoidae and 
suggested this to be deteomined by complex inteoactions of seveoal factoos, such as 
density of competitoos, food availability, pooximity to shelteo, and poedatoo abundance. 
Munro (1983) stated that inteospecific competition foo food is poobably small foo 
Haemulidae since the diffeoent species each favouo a ceotain type of food (Randall 
1967). Nagelkeoken et al. (2000a), howeveo, found H. flavolineatum and H. sciurus to 
have similao diets on seagoass beds, which may explain the sepaoation in biotope 
utilisation of the diffeoent size classes. Lutjanidae show a high oveolap in diet, with 
exception of Ocyurus chrysurus (Randall 1967, Nagelkeoken et al. 2000a). As biotope
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utilisation diffeoed only slightly between Lutjanus mahogoni and L. griseus, which both 
occuooed in similaT densities, a high degoee of competition may be poesent between these 
two species.
When fishes become too laoge foo optimal pootection by the seagoass shoots and 
mangoove poop-ooots they often migoate to the cooal oeef. This migration pattern has 
laogely been described qualitatively foo only few species (e.g. Ogden & Ehriich 1977, 
Weinstein & Heck 1979, McFariand 1980, Rookeo & Dennis 1991). The poesent study 
shows that most of the selected species use the shallow wateo biotopes as nuoseoies 
during theio juvenile stage, but migoate peomanently to the (deepeo) cooal oeef when 
oeaching a specific size class. An exception was Lutjanus griseus of which the entioe 
size oange was found in the mangooves. Foo some species, the ontogenetic shift to the 
(deepeo) cooal oeef was partial and a paot of the laoge and adult fish could still be found 
in theio nuoseoy biotope.
The poesent study shows the impootance of Lac Bay foo a numbeo of oeef fish 
species. It is not known, howeveo, how much Lac Bay contributes to the oeef fish stocks 
of Bonaioe. Effective areas of all biotopes should theoefooe be measuoed and the 
tuonoveo oate of fishes foom the bay to the oeef be quantified. Fuotheomooe, it should be 
noted that Lac Bay is not compaoable to many otheo mangoove and seagoass habitats, 
particulariy in the Indo-Pacific. These habitats often have a muddy substratum, aoe veoy 
tuobid, and show fluctuating salinities and a goeateo tidal oange. These featuoes influence 
the nuoseoy function of mangooves and seagoass beds (Blabeo 1997). As the 
chaoacteoistics which aoe usually associated with these habitats aoe oeduced in Lac Bay, 
the mechanisms at wook oesponsible foo the nuoseoy function of this bay may diffeo foom 
those in seveoal otheo bays, lagoons and estuaries which have been studied so fao.
CONCLUSIONS
The questions asked in this study can be answeoed as follows. 1) Of all fourteen fish 
species foo which juveniles weoe obseoved, the mangooves, seagoass beds, shallow oeef 
of 0 to 3 m, oo a combination of these biotopes weoe used as a nuoseoy by the juveniles. 
2) The seagoass beds weoe the most important nuoseoy biotope foo juvenile Haemulon 
flavolineatum, H. sciurus, Ocyurus chrysurus, Acanthurus chirurgus and Sparisoma 
viride, the mangooves weoe the most important biotope foo juvenile Lutjanus apodus, L. 
griseus, Sphyraena barracuda and Chaetodon capistratus, the shallow cooal oeef was 
the most important biotope foo juvenile H. chrysargyreum, L. mahogoni, A. bahianus 
and Abudefduf saxatilis, Acanthurus coeruleus did not show a poefeoence foo a paoticulao 
nuoseoy habitat, and foo H. carbonarium and Anisotremus surinamensis it could not be 
established which biotope was used as a nuoseoy by the juveniles. 3) Foo most fish 
species, the juveniles weoe found in shallow-wateo biotopes and the laoge and adult fish 
on the (deepeo) cooal oeef. 4). Closely oelated species showed a spatial separation in 
biotope utilisation. This was also obseoved foo diffeoent size classes within species.
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Chapter 3
Importance of shallow-water biotopes of a Caribbean 
bay for juvenile coral reef fishes: patterns in biotope 
association, community structure and spatial distribution
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ABSTRACT: Fish community stouctuoe of a non-estuaoine inland bay on the Caribbean 
island of Cuoaçao was deteomined in the mangooves, seagoass beds, algal beds, channel, 
fossil oeef bouldeos, notches in fossil oeef oock, and on the adjacent cooal oeef, using 
visual censuses in belt toansects. Fish communities vaoied among biotopes, but some 
oveolap was poesent. Fish density and species richness weoe highest at the bouldeos and 
on the cooal oeef, and extoemely low on the algal beds, wheoeas the total numbeo of 
individuals calculated foo the entioe bay was highest on the seagoass beds. Diffeoences in 
fish densities between biotopes weoe oelated to diffeoences in stouctuoal complexity and 
amount of shelteo. Fishes in the bay laogely consisted of 17 (mainly commeocially 
impootant) oeef fish species, which used the bay biotopes only as a nuoseoy during the 
juvenile paot of theio life cycle. Small juveniles of these species weoe most often found 
in the mangooves, wheoeas at inteomediate sizes some weoe found in the channel. Laoge 
individuals and adults weoe found on the oeef, and densities of seveoal of these species 
weoe higheo on the oeef neao the bay than on oeefs located faotheo down-cuorent. Fishes 
which spent theio entioe life cycles in eitheo the bay oo on the cooal oeef weoe also found, 
and the latteo gooup showed a stoong decoease in abundance with incoeasing distance into 
the bay. The density distoibution of individual fish species was not homogeneous within 
the bay. In the mangooves and seagoass beds, spatial distribution of fishes was coooelated 
with distance to the mouth of the bay, wateo transparency, amount of shelteo, and the 
stouctuoal complexity of the biotope. Juveniles of thoee oeef species showed an incoease 
in size on the seagoass beds with distance foom the mouth into the bay, wheoeas one bay 
species showed a decoease in size with this distance.
INTRODUCTION
Consideoable knowledge has been gained about the importance of tropical and 
tempeoate estuaries and lagoons foo fishes. Toopical estuaries oo lagoons may contain 
foeshwateo, estuarine-dependent, cooal oeef, as well as pelagic fishes, and many estuaries 
and lagoons in the Caribbean, Indian Ocean and the Pacific Ocean function as nuoseoies 
foo juvenile fish (Pollaod 1984, Paorish 1989, Robeotson & Blabeo 1992). In the toopical 
western Atlantic, most studies on fish communities focussed on estuaries oo lagoons on 
mainland coasts (e.g. Spoingeo & McEolean 1962, Peooet & Caillouet 1974, Weinstein & 
Heck 1979, Sogaod et al. 1987, Thayeo et al. 1987, Yanez-Aoancibia 1988, Rozas & 
Minello 1998). Less attention has been paid to estuaoies and lagoons on island locations 
(Robblee & Zieman 1984, Stoneo 1986, Baelde 1990, Rookeo & Dennis 1991). Studies 
of fish communities on island locations in non-estuaoine inland bays aoe laogely lacking 
(e.g. van deo Velde et al. 1992, Nagelkeoken et al. 2000c).
Lagoons can contain a variety of biotopes, such as mangooves, seagoass beds, algal 
beds, areas with bare sediment, channels, sand-oubble zones oo patch oeefs. The linkages 
of fishes between these biotopes remain laogely unknown (Ogden & Gladfelteo 1983, 
Paorish 1989), as most studies have focused on single biotopes (e.g. Spoingeo & 
McEolean 1962, Weinstein & Heck 1979, Robblee & Zieman 1984, Stoneo 1986, 
Sogaod et al. 1987). Little infoomation is poesent on utilisation of multiple nuoseoy 
biotopes by fishes, and ontogenetic migrations between different biotopes within
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lagoons. Heald & Odum (1970) and Rookeo & Dennis (1991) noticed that the 
mangooves aoe often used as a habitat foo inteomediate life-stages by fishes befooe they 
move to the cooal oeef. Only some studies have attempted to compare two oo mooe 
biotopes simultaneously, but often with a diffeoent methodology (e.g. Thayeo et al. 
1987). Diffeoences in biotope stouctuoe, location of study area, type of lagoon, fishing 
technique, and obseoveos make compaoisons of fish faunas between vaoious biotopes 
difficult. In-depth studies using a single methodology in a single lagoon on a variety of 
biotopes aoe therefore vety important (e.g. van deo Velde et al. 1992, Sedbeny & Caoteo 
1993, Appeldooon et al. 1997, Nagelkeoken et al. 2000c) to elucidate the ooles of 
diffeoent bay biotopes with oespect to the nuoseoy function.
Mangooves and seagoass beds have oeceived consideoable attention with oespect to 
theio nuoseoy function. Seveoal hypotheses have been pooposed to explain the high 
abundance of (juvenile) fishes in these biotopes, based on avoidance of poedatoos, the 
abundance of food and inteoception of fish laovae. They include the following: (1) the 
stouctuoal complexity of these biotopes poovide excellent shelteo against poedatoos 
(Paorish 1989, Robeotson & Blabeo 1992), (2) these biotopes aoe often located at a 
distance foom the cooal oeef oo foom off-shooe wateos and aoe theoefooe less foequented 
by poedatoos (Shulman 1985, Pamsh 1989), (3) the oelatively tuobid wateo of the lagoons 
and estuaries decoease the fooaging efficiency of poedatoos (Blabeo & Blabeo 1980, 
Robeotson & Blabeo 1992), (4) these biotopes poovide a goeat abundance of food foo 
fishes (Odum & Heald 1972, Can & Adams 1973, Ogden & Zieman 1977), (5) these 
biotopes often coveo extensive aoeas and may inteocept planktonic fish laovae mooe 
effectively than the cooal oeef (Paorish 1989).
Stouctuoal complexity of mangooves and seagoass beds has been shown to have an 
effect on the fish abundance and species richness. Foo the mangooves, the amount of 
poop-ooots, pneumatophooes and mangoove debois (e.g. pieces of wood and leaves) aoe 
likely to play a oole (Robeotson & Blabeo 1992). Foo the seagoass beds, vaoiables such as 
seagoass biomass and density, and leaf density aoe coooelated with fish density and 
species richness (Stoneo 1983, Bell & Westoby 1986, Sogaod et al. 1987). When the 
juvenile fishes outgoow the pootection poovided by these biotopes, the fishes show an 
ontogenetic migoation to the cooal oeef oo off-shooe wateo (Ogden & Ehriich 1977, 
Weinstein & Heck 1979, Shulman 1985, Rookeo & Dennis 1991). Most of these 
ontogenetic migoations have been described qualitatively, and few quantitative studies 
have been done (e.g. Nagelkeoken et al. 2000c).
The poesent study was camed out in a non-estuarine inland bay on the Caribbean 
island of Cuoaçao. To enable comparisons between different bay biotopes a single 
methodology, visual censuses in belt toansects, was used to study the abundance, species 
richness and size stmctuoe of fishes in six bay biotopes and on the adjacent cooal oeef.
The objectives of the poesent study weoe to answeo the following three questions: (1) 
Which fishes aoe associated with which bay biotopes (a), and what differences aoe found 
in the fish community stmctuoe between diffeoent bay biotopes (b)? (2) What is the 
importance of the bay biotopes as a nuoseoy foo oeef fishes? (3) Is theoe a spatial 
vaoiation in total fish density, species oichness, and density and size stouctuoe of 
individual fish species within the bay (a), and is this spatial variation oelated to
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envioonmental variables, stmctuoal complexity of the biotope, and distance to the cooal 
oeef (b)?
MATERIALS AND METHODS
Study area. The poesent study was camed out in the Spanish Wateo Bay in Cuoaçao, 
Netheolands Antilles (Fig. 1). The mouth of this shelteoed bay is situated on the leewaod 
coast neao the south-eastern end of the island, and is 85 m wide and pootected by a sill 
with a maximum depth of 6 m. The bay is connected to the sea by a oelatively long (1.1 
km) and deep channel which continues into the cental paot of the bay. Apart foom the 
channel, the bay is oelatively shallow (depths < 6 m). The aveoage daily tidal oange is 30 
cm (de Haan & Zaneveld 1959). Mean (± SD) wateo tempeoatuoe and salinity during the 
study period (Novembeo 1997 through August 1998) at the 12 study sites in the bay 
weoe 28.3 ± 0.2°C and 35.4 ± 0.2%o, oespectively, and on the oeef just outside the bay 
27.5 ± 1.2°C and 35.0 ± 0.2%, oespectively, weoe measuoed (see Table 1). The 
oestoicted oange of salinities demonstoates the oceanic natuoe of the bay. The bay has 
oelatively cleao wateo with an aveoage transparency of 6.2 ± 2.1 m. Highest mean wateo 
transparency was found neao the mouth (8.1 ± 3.1 m) and in the western paot of the bay 
(7.4 ± 2.2 m), wheoeas the lowest mean transparency was found in the eastern paot (4.4 ±
1.2 m). The mean tansparency on the oeef just outside the bay measuoed 17.5 ± 4.6 m. 
The bottom in the eastern paot of the bay is dominated by fine sediment aoeas, wheoeas 
in the western paot it is laogely composed of coaree sediment (Kuenen & Deboot 1995).
A poe-study suovey in the Spanish Wateo Bay revealed six main biotopes. These aoe 
the mangooves, seagoass beds, algal beds, channel, notches in fossil oeef oock, and fossil 
oeef bouldeos (Fig. 1). Data weoe collected in each of these biotopes, and on the cooal 
oeef along the coast of the island.
The oed mangoove Rhizophora mangle dominates the shooes of the bay and is most 
abundant in the eastern paot of the bay. In otheo paots of the bay, the mangooves consist 
of isolated stands. The mangoove stands studied weoe on aveoage 27 m long (i.e. 
distance along the shooe) and 1.4 m wide (i.e. foom the outeo mangoove-foinge to the 
shoreline), and the wateo depth undeo the mangooves was on aveoage 0.8 m (Table 1).
The shooeline aoeas of the shallow paots of the bay aoe dominated by tuotle goass 
Thalassia testudinum. Seagoass is found at depths of 40 cm to 3 m, but in the tuobid 
aoeas of the bay it extends only to about 1.5 m depth. Mean seagoass coveo was 81%, 
and the seagoass leaves pootouded, on aveoage, 22 cm above the sediment (Table 1).
At depths of 2 to 6 m, wheoe light levels decrease, Thalassia testudinum is almost 
completely oeplaced by macooalgal species such as Halimeda opuntia, H. incrassata, 
Cladophora sp. and Caulerpa verticillata (Kuenen & Deboot 1995). The density, areal
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Fig. 1. Map of the Spanish Wateo Bay showing the location of the study sites (1 to 
12). The algal beds generally coveo the area between the seagoass beds and the 
channel (located at the 1 0  m isobath); the bouldeos aoe located between the seagoass 
beds and the fossil oeef tenace
coveo and elevation of the algae aoe veoy low, howeveo. Hence, the algal beds aoe 
spaosely vegetated and poovide little shelteo foo fish.
In the centoal paots of the bay, at about 6 m depth, the bottom abouptly tuons into a 
deep channel with a steep slope and a high tuobidity. The channel is 11 to 18 m deep, 
oeaching its goeatest depth neao the entoance of the bay. On the slopes of the channel, 
some small and laoge bouldeos of fossil oeef oock aoe found, mainly coveoed with 
filamentous algae. The soft bottom of the channel is almost completely devoid of
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Table 1. Means and vaoiation of envioonmental variables and habitat stouctuoe of 
mangooves and seagoass beds of the 1 2  study sites in the bay
Mean (SD) Range
Environmental variables
Wateo toanspaoency (m) 6 . 2  (2 .1 ) 2.4 - 11.0
Wateo tempeoatuoe (°C) 28.3 (0.2) 27.0 - 31.4
Wateo salinity (0/00) 35.4 (0.2) 34.3 - 36.3
Mangrove
Length along shooeline (m) 27 (11) 10 - 57
Width of mangoove foinge (m) 1.4 (0.5) 0.5 - 2.7
Wateo depth (m) 0 . 8  (0 .2 ) 0.4 - 1.1
Density of poop-ooots (m-2) 7.4 (5.9) 2.0 - 34.6
Relative length of poop-ooots (%) 70.1 (13.2) 42.5 - 100.0
Light intensity between poop-ooots (^E m-2) 19.0 (14.2) 3.0 - 69.2
Seagrass bed
Seagoass coveo (%) 81 ( 1 2 ) 45 - 98
Height of seagoass (cm) 2 2  (8 ) 10 - 45
Density of seagoasses (m-2) 143 (6 6 ) 40 - 284
vegetation.
The shooe on the southern paot of the bay laogely consists of a fossil oeef teooace (up 
to 3 m high) which paotly extends into the wateo. At and undeo the wateo line, 
biochemical solution has foomed notches in the fossil oeef tenace (de Buisonjé & 
Zonneveld 1960), appooximately 0.5 m below the wateo level and cut about 0.8 m into 
the oeef teooace. Because the notches aoe shaded by the oeef teooace material above, they 
oeceive little ambient light and theio oocky suoface is only spaosely coveoed with small 
fleshy and filamentous algae. Small to medium-sized oocks aoe often located just in foont 
of the notches.
Massive bouldeos which have booken off the fossil oeef teooace and tumbled into the 
wateo, aoe oegulariy found at distances of 0.5 to 2 m in foont of the oeef teooace, often 
partly extending above the wateo level. The mean ciocumfeoence of the selected bouldeos 
measuoed 7.7 ± 3.1 m, and the mean wateo depth was 0.6 ± 0.2 m. At the bottom/wateo 
interface, the bouldeos mostly contain shallow coacks and holes, measuring 0.13 ± 0.09 
m in height, and theio full extent was along 30 ± 26% of the total ciocumfeoence of the
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bouldeo. The oocky surface of the bouldeos is mainly coveoed by small fleshy and 
filamentous algae.
The foinging cooal oeef extends along the entioe south-westeon coast of the island. 
Foom the shooe, a submaoine teooace goadually slopes to a ‘doop-off at appooximately 7 
to 11 m depth. At the doop-off, the oeef slopes off steeply, sometimes inteooupted by a 
small tenace at 50 to 60 m, and ends in a sandy plain at 80 to 90 m (Bak 1975). Foo a 
detailed description of the oeef stmctuoe and distribution of cooals on the oeefs of 
Cuoaçao see Bak (1975).
Study design. All three questions asked in the poesent study could be answeoed with 
a single study design: densities and lengths of all fish species weoe deteomined during 
daytime in all the main biotopes of the Spanish Wateo Bay and on the foinging cooal oeef 
outside the bay, on a oelatively wide spatial scale. Many fishes show diuonal changes in 
habitat utilisation, and data on the fish community stouctuoe in the diffeoent biotopes at 
night aoe poesented in Nagelkeoken et al. (2000a).
Twelve study sites weoe selected throughout the bay (Fig. 1). Not all of the six 
biotopes weoe poesent at each site (Table 2). On the foinging cooal oeef, five study sites 
weoe selected at incoeasing distances down-cuooent of the bay (0.0, 0.5, 3.1, 6.6, and
11.9 km). In all of the bay biotopes and on the cooal oeef, fouo oeplicate transects weoe 
oandomly selected at each study site. Because the algal beds and cooal oeefs weoe 
distributed oveo a oelatively laoge depth oange, transects weoe placed at seveoal depths 
foo a oepoesentative sample of the community stmctuoe. On the oeef, at each study site, 
the fouo oeplicate transects weoe taken at each of fouo depths: 2, 5, 10, and 15 m (total: 
16 oeplicates peo site). On the algal fields, the fouo oeplicate toansects weoe taken close to 
shooe at 2 m depth as well as in the deepeo paots of the bay at 5 m depth (total: 8 
oeplicates peo site). The data of the diffeoent depth zones on the cooal oeef weoe pooled 
in all analyses; this was also done foo the algal beds at 2 and 5 m depth.
Obseovations in the toansects was done by thoee diffeoent obseoveos. This was 
oepeated foo each toansect three times: once during Decembeo 1997 to March 1998 (in 
oandom oodeo), and twice in August 1998. One of the suoveys in August was done only 
foo the mangooves and seagoass beds. At each site foo each biotope and foo each study 
peoiod the fouo oeplicate toansects weoe aveoaged. These aveoages weoe used as oeplicates 
foo the diffeoent analyses. Although the data weoe sampled in two diffeoent periods of the 
yeao, it was not intended foo analysis of tempooal vaoiation. Instead, the effoot was 
focussed on studying as much biotopes as possible on a wide spatial scale. Seasonal 
variation in density of abundant fishes in the bay was small, compared to the daily 
vaoiation and the vaoiation in densities between diffeoent sites. Laoge fluctuations in 
densities of fishes in the bay did not occuo, since settlement of juveniles in the bay was 
eitheo continuous, occuooed in many but small numbeos of oecouits, oo was absent. A 
oecouitment wave was noticed only once during the entioe study period foo Ocyurus 
chrysurus and Lutjanus mahogoni. At settlement, densities of the fish species may 
incoease enoomously, but as a oesult of post-settlement mootality, densities will stoongly 
decoease again afteo some weeks (peos obseov, Shulman & Ogden 1987). Data of oecouits 
in the single laoge oecouitment event weoe theoefooe excluded to obtain a mooe 
oepoesentative data set.
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Table 2. Comparison of sampling intensity, mean water depth and mean transect area between 
the seven different biotopes. The algal bed and coral reef were censused at multiple depths
Mangrove Seagrass
bed
Algal
bed
Channel Notch Boulder Coral reef 
reef
No. o f sites 12 11 10 4 7 6 5
Total no. o f  transects 129 131 89 32 48 44 108
W ater depth (m) 0.8 1.5 2 & 5 6 0.5 0.6 2,5,10&15
Transect area (m2) 38 150 150 75 19 4 150
The fish community was studied using visual censuses in belt transects. The 
advantages of this technique are that it is rapid, non-destructive, inexpensive, can be 
used for all selected biotopes of this study, the same areas can be resurveyed through 
time, and the results can be compared with many other studies (English et al. 1994). 
Disadvantages are the differences in accuracy in estimation of numbers and sizes by the 
observers, and fishes may be attracted or scared off by the observers (English et al.
1994). Mainly Sparisoma chrysopterum and S. rubripinne were easily scared off in the 
bay biotopes and their numbers may have been underestimated. At the boulders, some 
nocturnally active fish species hiding in the crevices may have been underestimated too.
Species identification and quantification of fishes were first thoroughly practised by 
the three observers. Because most fish remained more or less in the same area, the 
observer effect on estimates of fish abundance is expected to be relatively small in most 
bay biotopes. Estimation of fish abundance only presented some difficulty in the 
mangroves, because grunts and snappers continuously moved in-between the prop-roots, 
and visibility was sometimes reduced as a result of shading by the mangrove canopy. 
However, after extensive practise, and with aid of a flashlight in dark mangrove areas, 
the censuses could be done with reasonable accuracy. Also on the coral reef, fish moved 
more from one place to another, and here the observers effect in estimation of fish 
abundance (especially parrotfishes) is thought to be much stronger than in the bay 
biotopes. Within-reef data (see Fig. 8) were therefore taken by a single well-trained 
observer.
The transects on the seagrass beds, algal beds and coral reef measured 3 x 50 m. In 
the channel they measured 3 x 25 m, because of the smaller area of this biotope. Isolated 
stands of mangrove were selected and surveyed completely. The band of mangroves 
fringing the shoreline was narrow (up to a maximum of 2 m), permitting a complete and 
accurate census. Isolated fossil reef boulders were also surveyed completely. The 
notches in the fossil reef rock are continuous and were studied at each site in four 25-m 
long sections. For all transects in the mangroves, notches, and boulders, the total 
transect area was estimated by measuring the width at intervals of 5 m (for the boulders 
at intervals of 1 m) and multiplying the mean width by the total length of the transect.
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The transects were marked by a fine rope, placed at least 30 min before the survey 
began in order to minimise disturbance effects. SCUBA gear was used on the algal beds 
at the 5-m depth, in the channel and on the coral reef. Snorkeling gear was used during 
all other visual surveys. During each survey, individuals of all fish species were counted 
and the total length of each fish estimated in size classes of 2.5 cm. At the start of the 
study, size estimation was thoroughly practised, and during the study this practice was 
regularly repeated.
The surveys included almost all species which were seen in the transects, with the 
exception of small or cryptic fish species such as gobies, blennies and cardinalfishes. 
Due to identification problems Belonidae were grouped as ‘needlefishes’. The slender 
mojarra Eucinostomus jonesi and the silver jenny E. gula could not be distinguished in 
the field and were pooled as ‘mojarra spp.’. Another species of mojarra which could not 
be identified in the field, but which was distinguishable from the mojarra spp. was 
labelled as ‘mojarra sp. 1’. For small species of the pelagic water column forming large 
schools, viz. silversides, scads, herrings and anchovies, only the presence was noted.
The structural complexity and several environmental variables were studied in more 
detail for the mangroves and seagrass beds (see Table 1). During the surveys, water 
temperature, salinity and transparency were measured at 1 m depth at weekly intervals at 
each site between 14:00 and 16:00 hrs. The water transparency was measured as the 
maximum horizontal distance underwater at which the black and white quarters of a 
Secchi disk could still be discerned separately. In addition, light intensity (PAR) was 
measured between the mangrove prop-roots using a LI-1000 Datalogger (LI-Cor) light- 
meter with a cosine LI-192SA underwater quantum sensor. In the mangroves, the total 
number of submerged prop-roots and their total length (i.e. from the water surface to the 
tip of the root) were determined at intervals of 5 m in sample areas of 1 m long and the 
full width of the mangrove fringe. The sizes of the sample areas were measured and the 
prop-root abundance expressed as the mean density of prop-roots per m2. The total 
length of the submerged prop-roots was standardised for water depth in the mangroves 
and expressed as relative length (i.e. as percentage of the total water depth). The size of 
the mangrove stands was measured and expressed as length along the shoreline, and 
width of the mangrove fringe. In the seagrass beds, two quadrats of 50 x 50 cm were 
randomly selected per transect. In each quadrat, the seagrass cover was measured and 
expressed as percent seagrass cover, the average height of the seagrass leaves above the 
sediment measured and expressed as height of seagrass, and the total number of 
seagrasses counted (i.e. individual plants) and expressed as density of seagrasses per m2. 
Furthermore, the distance from each mangrove/seagrass site in the bay to the mouth of 
the bay was measured as the shortest route a fish could travel between those points.
The total number of individuals in the entire bay of all fish species and of nursery 
species was calculated for each biotope as an indication of which biotope quantitatively 
contributed most to the total fish abundance in the entire bay. To calculate the total 
number of individuals, for each biotope, their total surface area in the entire bay (i.e. not 
the transect areas) was multiplied by the mean fish density of all species and of nursery 
species, respectively (data from Fig. 2a). The total area of the seagrass beds (418047 
m2) and algal beds (2346616 m2) was calculated from a map. The total area of the
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mangroves (10458 m2) and notches (2959 m2) was calculated by measuring their total 
length along the shoreline of the bay from a map, and by multiplying this with their 
mean width. For the channel (68431 m2) the total length in the central part of the bay 
and in the narrow entrance to the reef was calculated from a map, and multiplied with 
the width of the channel slope (approximately 7 and 14 m, respectively). It should be 
noted here that the total number of individuals for the channel refers specifically to the 
steep slopes of the channel, and not to the flat muddy area at the bottom of the channel. 
The latter could not be censused as a result of poor visibility, and a rapid survey showed 
much lower fish densities than on the rocky slopes. For the boulders (210 m2), the total 
number of boulders was multiplied by their mean surface area underwater.
Statistical analysis. To compare fish densities, species richness and size distribution 
between the different biotopes, a 1-way ANOVA was used after data transformation 
(logarithmic or square root). Homogeneity of variances was tested with a Bartlett test, 
and normality was tested with a Kolmogorov-Smirnov 1-sample test (Sokal & Rohlf
1995). Multiple comparison between the different biotopes was done using a Tukey 
HSD multiple comparison test. The same was done for comparison of fish densities 
between different reef sites.
For comparison of the community structure between the different bay biotopes, 
cluster analysis was used. Fish species densities in the different biotopes were first log- 
transformed, and cluster analysis was carried out using the programme CLUSTAN1C2 
(Wishart 1978). The average-linkage method (Sokal & Michener 1958) was used in 
combination with the Bray-Curtis coefficient.
To study the spatial distribution of fishes in the mangroves and the seagrass beds 
within the Spanish Water Bay, Principal Component Analysis (PCA) was used. PCA 
was carried out on log-transformed fish densities of the different study sites using the 
ordination programme Canoco 4.0 (ter Braak & Smilauer 1998). Scaling was focussed 
on inter-species correlations, species scores were divided by the standard deviation, and 
the data were centred by species.
To test whether the spatial distribution of fishes in the mangroves and seagrass beds 
was related to environmental variables or habitat structure, an indirect gradient analysis 
within PCA was used (ter Braak & Smilauer 1998), which calculated the correlations 
between the four PCA-axes and all measured environmental and habitat variables.
The importance of the various environmental and habitat variables for the total fish 
density, for density of nursery, bay and reef species, and for species richness was 
examined with stepwise regression, with p-values to enter and to remove set at 0.15, and 
the minimum tolerance for entry set at 0.1 (SYSTAT 1990). The predictor variables 
were checked for collinearity, and their relation with the dependent variables was 
calculated using multiple linear regression, if the assumptions of linear regression were 
met (Sokal & Rohlf 1995).
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Table 3. Mean fish density (SD) per 100 m2  in six different biotopes of the bay, and on the 
coral reef. Fish species (18) which occurred exclusively on the reef are not shown. Numbers 
in bold are total densities for all species belonging to a single family. Nomenclature is 
according to Smith (1997). +: present (numbers not counted), -: absent. The first column 
shows the group to which the species were assigned (n: nursery species, b: bay species, r: reef 
species - see text for definition). The last column shows the total number of biotopes in which 
the fish species were observed
Species
group
Mangrove Seagrass
bed
Acanthuridae 1.2 1.0
1. Acanthurus bahianus, ocean surgeon r - 0.02 (0.1)
2. Acanthurus chirurgus, doctorfish n 1.1 (2.2) 0.8 (1.4)
3. Acanthurus coeruleus, blue tang 
Atherinidae
r 0.01 (0.1) 0.2 (1.4)
4. Atherinomorus stipes, hardhead silverside 
Aulostomidae
r + +
5. Aulostomus maculatus, trumpetfish 
Belonidae
r 0.4 (1.2) -
6. needlefishes r 0.6 (1.3) 0.02 (0.1)
Carangidae 0.3 0.4
7. Caranx latus, horse-eye jack r 0.3 (0.8) 0.1 (0.4)
8. Caranx ruber, bar jack r - 0.2 (0.5)
9. Oligoplites saurus, leatherjacket b - 0.1 (0.2)
10. Selar crumenophthalmus, bigeye scad 
Chaetodontidae
r - -
11. Chaetodon capistratus, foureye butterflyfish 
Clupeidae
n 8.5 (8.1) 0.9 (0.9)
12. Jenkinsia sp., herring sp. r + +
13. Harengula humeralis, redear sardine 
Dasyatidae
r + +
14. Dasyatis americana , southern stingray r - 0.01 (0.03)
Diodontidae 0.0 0.00
15. Diodon holocanthus, balloonfish b 0.2 (0.4) 0.04 (0.1)
16. Diodon hystrix, porcupinefish 
Engraulidae
b - -
17. Anchoa sp., anchovy sp. r + +
Gerreidae 16.1 2.9
18. Gerres cinereus, yellowfin mojarra n 14.4 (32.0) 0.2 (0.4)
19. Eucinostomus sp. 1, m ojarra sp. 1 b 0.6 (1.7) 0.6 (2.2)
20. Eucinostomus spp., m ojarra spp. b 1.0 (3.2) 2.0 (3.2)
Haemulidae 122.2 17.5
21. Anisotremus surinamensis, black margate r 0.02 (0.1) -
22. Anisotremus virginicus, porkfish r 0.01 (0.1) -
23. Haemulon chrysargyreum, smallmouth grunt r 0.3 (1.1) 0.3 (0.6)
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Table 3. Continued
Algal
bed
Channel Notch Boulder Coral
re e f
N o. o f  
biotopes
0.1 3.8 4.3 51.4 9.6
- 0.04 (0.1) - - 6.9 (7.7) 3
0.1 (0.2) 3.7 (3.3) 3.2 (6.5) 47.6 (61.2) 0.3 (1.1) 7
- 0.1 (0.2) 1.1 (3.3) 3.9 (13.4) 2.4 (5.6) 6
+ - + - - 4
- - 2.7 (4.9) 27.3 (41.0) 0.4 (0.3) 4
- - 0.04 (0.1) - - 3
- - 0.7 - 0.2
- - 0.1 (0.4) - 0.1 (0.4) 4
- - 0.4 (1.4) - 0.1 (0.2) 3
- - 0.2 (0.7) - - 2
+ - - - - 1
0.04 (0.1) 7.2 (5.4) 1.2 (3.5) 8.5 (13.1) 2.6 (2.2) 7
+ - + + - 5
+ - - - - 3
0.01 (0.03) - - - - 2
0.00 0.2 0.0 0.3 0.0
0.01 (0.05) 0.2 (0.3) 0.3 (0.7) 2.6 (5.4) 0.3 (0.3) 7
- 0.2 (0.5) - 0.3 (0.9) 0.01 (0.03) 3
- - - - - 2
0.3 0.1 0.7 14.8 0.05
0.1 (0.2) 0.1 (0.2) 0.3 (0.8) 14.8 (31.6) 0.04 (0.1) 7
0.04 (0.1) - 0.4 (1.4) - - 4
0.2 (0.7) - - - 0.01 (0.03) 4
0.2 5.0 21.2 521.8 4.4
- - - - 0.01 (0.03) 2
- 0.04 (0.1) - - 0.01 (0.03) 3
- 0.3 (0.9) 0.9 (3.4) 39.8 (83.1) 1.8 (6.7) 6
52 Chapter 3
Table 3. Continued
Species
group
Mangrove Seagrass
bed
24. Haemulon flavolineatum, french grunt n 89.4 (106.6) 15.1 (16.5)
25. Haemulon macrostomum, spanish grunt r - -
26. Haemulon parrai, sailors choice n 9.4 (25.8) 0.04 (0.1)
27. Haemulon plumieri, white grunt n 0.2 (0.6) 0.1 (0.2)
28. Haemulon sciurus, bluestriped grunt n 22.9 (21.7) 2.0 (2.2)
Holocentridae 0.02 -
29. Holocentrus adscensionis , squirrelfish r - -
30. Holocentrus rufus, longspine squirrelfish r - -
31. Myripristis jacobus, blackbar soldierfish r 0.02 (0.1) -
32. Sargocentron vexillarius , dusky squirrelfish r - -
Labridae 0.3 1.2
33. Bodianus rufus, spanish hogfish r - -
34. Halichoeres bivittatus, slippery dick r 0.1 (0.3) 0.9 (2.4)
35. Halichoeres maculipinna, clown wrasse r - 0.1 (0.7)
36. Halichoeres poeyi, blackear wrasse r - 0.04 (0.2)
37. Halichoeres radiatus , puddingwife r 0.04 (0.2) -
38. Lachnolaimus maximus, hogfish r - -
39. Thalassoma bifasciatum , bluehead r 0.2 (1.2) 0.1 (0.4)
Lutjanidae 34.3 2.1
40. Lutjanus analis, m utton snapper n 0.1 (0.2) 0.03 (0.1)
41. Lutjanus apodus , schoolmaster n 24.5 (13.9) 0.1 (0.2)
42. Lutjanus griseus, gray snapper n 4.5 (6.6) 0.4 (0.7)
43. Lutjanus mahogoni, m ahogany snapper n 1.5 (4.6) 0.04 (0.1)
44. Lutjanus synagris , lane snapper b - -
45. Ocyurus chrysurus, yellowtail snapper 
Mugilidae
n 3.8 (10.3) 1.5 (1.8)
46. Mugil curema , white mullet b - 0.1 (0.3)
Mullidae 2.9 0.1
47. Mulloidichthys martinicus, yellow  goatfish r 2.8 (9.1) 0.03 (0.1)
48. Pseudupeneus maculatus, spotted goatfish r 0.1 (0.4) 0.1 (0.1)
Ostraciidae 0.1 0.01
49. Acanthostracion polygonius, honeycomb cowfish r - -
50. Lactophrys bicaudalis , spotted trunkfish r 0.04 (0.2) 0.01 (0.03)
51. Lactophrys triqueter, smooth trunkfish 
Pomacanthidae
r 0.03 (0.2) -
52. Pomacanthus paru , french angelfish r - -
Pomacentridae 5.0 0.7
53. Abudefduf saxatilis, sergeant major r 0.1 (0.2) -
54. Abudefduf taurus, night sergeant r - -
55. Chromis multilineata , brown chromis r - -
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Table 3. Continued
Algal
bed
Channel Notch Boulder Coral
re e f
N o. o f  
biotopes
0.2 (0.5) 4.4 (5.5) 17.4 (28.7) 420.7 (457.4) 2.4 (2.4) 7
- - - 0.8 (2.8) - 1
- - 1.0 (3.6) 4.6 (13.4) - 4
- 0.1 (0.2) - - 0.01 (0.03) 4
0.02 (0.1) 0.1 (0.2) 2.0 (4.9) 55.9 (135.0) 0.2 (0.4) 7
- 1.8 - 22.6 4.8
- 1.7 (2.8) - 17.7 (30.1) 0.02 (0.1) 3
- 0.04 (0.1) - 4.1 (11.7) 0.02 (0.1) 3
- - - - 4.7 (7.1) 2
- - - 0.8 (2.8) 0.02 (0.1) 2
- 6.3 10.2 127.4 106.5
- 0.2 (0.4) - - 0.2 (0.3) 2
- 3.9 (8.2) 0.2 (0.7) 4.7 (14.7) 12.4 (19.9) 6
- 1.2 (3.4) 0.1 (0.5) 18.4 (37.8) 10.7 (14.6) 5
- - - - 0.1 (0.4) 2
- - 1.7 (4.4) 12.6 (22.9) 1.0 (1.3) 4
- 0.3 (0.4) - - 0.01 (0.03) 2
- 0.7 (2.0) 8.2 (21.9) 91.8 (270.3) 82.0 (72.5) 6
0.4 9.1 11.3 178.7 0.9
0.01 (0.05) 0.1 (0.2) - - 0.01 (0.1) 5
0.01 (0.05) 0.3 (0.5) 10.6 (6.4) 167.4 (198.5) 0.2 (0.4) 7
0.2 (0.6) 5.2 (5.2) 0.3 (0.8) 2.6 (6.3) 0.01 (0.03) 7
- 0.1 (0.2) 0.2 (0.7) 8.7 (20.6) 0.1 (0.3) 6
- 0.04 (0.1) - - - 1
0.2 (0.4) 3.5 (3.3) 0.2 (0.8) - 0.5 (0.7) 6
0.1 (0.4) - - - - 2
- 0.2 1.0 19.9 3.6
- 0.1 (0.2) 1.0 (2.5) 19.9 (47.8) 3.4 (6.3) 6
- 0.04 (0.1) - - 0.2 (0.3) 4
0.04 0.2 0.3 - 0.3
- 0.04 (0.1) - - 0.05 (0.1) 2
- - 0.1 (0.3) - 0.1 (0.1) 4
0.04 (0.1) 0.2 (0.4) 0.2 (0.9) - 0.2 (0.2) 5
- 0.1 (0.2) - 0.4 (1.4) 0.1 (0.1) 3
0.03 16.0 34.9 246.5 196.4
- - - 65.6 (227.2) 0.3 (0.6) 3
- - 0.2 (0.6) 0.8 (2.8) 0.02 (0.1) 3
- 0.5 (1.3) - - 20.1 (36.2) 2
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Table 3. Continued
Species
group
Mangrove Seagrass
bed
56. Stegastes dorsopunicans , dusky damselfish b 0.8 (2.5) 0.01 (0.1)
57. Stegastes leucostictus, beaugregory b 3.6 (8.7) 0.3 (0.4)
58. Stegastes partitus , bicolor damselfish r - -
59. Stegastesplanifrons, threespot damselfish r 0.1 (0.5) 0.01 (0.03)
60. Stegastes variabilis , cocoa damselfish b 0.3 (1.0) 0.4 (2.2)
Scaridae 8.0 15.1
61. Scarus coeruleus, blue parrotfish n - 0.3 (1.1)
62. Scarus guacamaia, rainbow parrotfish n 1.0 (1.7) 0.1 (0.3)
63. Scarus iserti , striped parrotfish n 5.4 (18.8) 14.0 (13.1)
64. Sparisoma aurofrenatum , redband parrotfish r - 0.02 (0.1)
65. Sparisoma chrysopterum , redtail parrotfish n 1.0 (2.9) 0.2 (0.4)
66. Sparisoma radians , bucktooth parrotfish b 0.1 (0.4) 0.4 (1.5)
67. Sparisoma rubripinne , redfin parrotfish r - -
68. Sparisoma viride , stoplight parrotfish r 0.5 (1.5) 0.04 (0.1)
Sciaenidae - -
69. Equetus punctatus, spotted drum r - -
70. Pareques acuminatus , high-hat r - -
Scorpaenidae
71. Scorpaena plumieri, spotted scorpionfish r 0.02 (0.1)
Serranidae 0.7 0.1
72. Cephalopholis cruentatus, graysby r - -
73. Hypoplectrus chlorurus, yellowtail hamlet r - -
74. Hypoplectrus puella , barred hamlet r - -
75. Hypoplectrus unicolor, butter hamlet r 0.5 (2.1) 0.1 (0.2)
76. Mycteroperca acutirostris , comb grouper b 0.1 (0.4) -
77. Rypticus saponaceus, greater soapfish r - -
78. Serranus tabacarius , tobaccofish r - -
Sparidae 4.0 0.7
79. Archosargus rhomboidalis , sea bream b 4.0 (9.3) 0.7 (0.9)
80. Calamus sp., porgy sp. r - 0.01 (0.03)
Sphyraenidae
81. Sphyraena barracuda , great barracuda n 1.6 (1.8) 0.1 (0.1)
Syngnathidae
82. Hippocampus reidi , longsnout seahorse r 0.01 (0.04)
Synodontidae
83. Synodus intermedius, sand diver r 0.01 (0.03)
Tetraodontidae - -
84. Canthigaster rostrata , sharpnose puffer r - -
85. Sphoeroides spengleri, bandtail puffer r - -
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Table 3. Continued
Algal
bed
Channel Notch Boulder Coral
re e f
N o. o f  
biotopes
- 0.3 (0.8) 16.1 (26.8) 127.8 (119.5) 2.2 (9.0) 6
0.03 (0.1) 2.8 (5.8) 9.2 (22.1) 23.4 (37.0) - 6
- 8.5 (18.8) - 0.7 (2.5) 157.0 (91.9) 3
- 4.0 (8.0) - - 16.8 (21.4) 4
- - 9.4 (16.2) 28.2 (53.8) - 4
0.2 37.8 3.8 141.0 12.5
0.04 (0.2) 0.9 (1.8) - - 0.1 (0.2) 4
0.01 (0.03) - 0.2 (0.6) - 0.01 (0.03) 5
0.2 (0.7) 30.8 (33.7) 1.7 (6.5) 81.6 (176.3) 4.7 (4.5) 7
- 0.8 (1.5) - - 4.6 (2.2) 3
- 2.7 (4.0) 0.1 (0.4) 29.0 (59.7) 0.5 (0.7) 6
- - - - - 2
- - - 29.8 (93.2) 0.4 (0.9) 2
- 2.6 (6.4) 1.7 (5.5) 0.6 (2.1) 2.4 (1.7) 6
- - 0.0 0.8 0.0
- - 0.1 (0.4) - 0.1 (0.2) 2
- - - 0.8 (2.8) - 1
- 0.04 (0.1) 0.2 (0.7) 0.4 (1.4) 0.02 (0.1) 5
- 3.0 0.5 0.7 1.4
- 0.04 (0.1) - - 0.6 (0.7) 2
- 0.04 (0.1) - - 0.3 (0.8) 2
- 0.2 (0.4) - - 0.1 (0.2) 2
- 2.3 (1.3) 0.4 (0.8) 0.7 (2.5) 0.2 (0.3) 6
- 0.04 (0.1) 0.1 (0.3) - - 3
- 0.04 (0.1) - - 0.04 (0.1) 2
- 0.4 (0.7) - - 0.02 (0.1) 2
0.5 - - - 0.01
0.5 (1.2) - - - - 3
0.01 (0.03) - - - 0.01 (0.1) 3
0.02 (0.1) - 0.1 (0.3) - 0.02 (0.1) 5
1
0.03 (0.1) 2
- 0.8 - - 2.2
- 0.5 (1.1) - - 2.1 (3.2) 2
- 0.3 (0.6) - - 0.1 (0.1) 2
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Fig. 2. Mean fish density (a) 
and species richness (b) in 
the seven biotopes, and 
estimated total number of 
fishes in the entire bay for 
each biotope (c). 
Comparison of species 
richness between small and 
large transects (see Table 2) 
is not valid as species 
richness increases with 
transect area. Transects in 
the boulders, mangroves, 
notches and channel were 
therefore pooled so as to 
form transects of 
approximately 150 m2  in 
order to enable comparison 
with the seagrass bed, algal 
bed and coral reef (transect 
area = 150 m2). nc: not 
computed
o
U
b
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Table 4. Tukey HSD multiple comparison between biotopes for fish density of all species (upper 
right part) and of nursery species (lower left part). Fish densities on transects were averaged per 
site and compared using a 1-way ANOVA
Boulder Mangrove Notch
All species
Channel Seagrass
bed
Algal
bed
Coral
reef
Boulder - 0.000 0.000 0.000 0.000 0.000 0.126
Mangrove 0.000 - 0.007 0.368 0.000 0.000 0.000
Notch 0.000 0.000 - 0.992 0.458 0.000 0.000
Channel 0.000 0.021 0.535 - 0.214 0.000 0.000
u Seagrass bed 0.000 0.000 1.000 0.497 - 0.000 0.000
£ Algal bed 0.000 0.000 0.000 0.000 0.000 - 0.000
Coral reef 0.000 0.000 0.000 0.000 0.000 0.053 -
RESULTS 
Biotope association and community structure
During this study a total of 93,311 fishes were counted, which in the bay represented 
85 fish species belonging to 29 families (Table 3). Eucinostomus sp. 1, Stegastes 
leucostictus, S. variabilis, Sparisoma radians and Archosargus rhomboidalis were 
restricted to the bay. For the other species in the bay which were absent from the reef 
transects, it is known that they occur on the reef in low densities. Diodon holocanthus 
and the nursery species (see Fig. 5) Acanthurus chirurgus, Chaetodon capistratus, 
Gerres cinereus, Haemulon flavolineatum, H. sciurus, Lutjanus apodus, L. griseus and 
Scarus iserti occurred in all seven biotopes (Table 3). Other fish species most frequently 
occurred in two or three different biotopes.
Mean fish densities were significantly higher compared to those in other biotopes, in 
the most rugose biotopes, the boulders and the coral reef (Fig. 2a, Table 4). The lowest 
fish density was encountered on the algal beds, with just two fish per 100m2. The species 
richness showed a similar pattern, except that species richness in the mangroves was 
almost equal to that in the notches and channel (Fig. 2b). The total number of fishes 
(calculated by multiplying mean fish density with total surface area in the bay for each 
biotope), however, was highest on the seagrass beds and lowest at the boulders and 
notches (Fig. 2c).
The mangroves and seagrass beds were dominated by two to three fish species, and 
the other bay biotopes by five to six species (Table 5). Key species in most biotopes 
belonged to the Haemulidae and Lutjanidae (using these biotopes as nursery areas), but 
also to the Pomacentridae in the channel, notches and boulders (forming territories 
around the many rocks in these biotopes). Haemulon flavolineatum was the most
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Table 5. Relative abundance (%) of the principal fish species of each bay biotope, and their 
relative abundance on the coral reef
Mangrove Seagrass
bed
Algal
bed
Channel Notch Boulder Coral
reef
Archosargus rhomboidalis 23.7 0.0
Chaetodon capistratus 7.8 0.6
Eucinostomus spp. 9.5 0.0
Haemulon flavolineatum 43.3 35.3 10.0 4.8 18.6 30.8 0.5
Haemulon sciurus 11.1 0.0
Lutjanus apodus 11.9 11.3 12.3 0.1
Lutjanus griseus 10.6 5.6 0.0
Ocyurus chrysurus 10.3 0.1
Stegastes dorsopunicans 17.2 9.4 0.5
Stegastes leucostictus 9.9 0.0
Stegastes partitus 9.2 35.5
Stegastes variabilis 10.0 0.0
Scarus iserti 32.6 9.6 33.6 6.0 1.1
Thalassoma bifasciatum 8.8 6.7 18.6
Total 66.3 68.0 73.5 61.1 75.9 65.1 57.0
common fish species, followed by Scarus iserti. Most fish species that were abundant in 
the bay showed low densities on the coral reef.
The fish species in the bay could be divided into three groups (see Table 3): 1) 
‘nursery species’: reef fishes of which the juveniles use the bay as a nursery, 2) ‘bay 
species’: fish species which are relatively abundant in the bay and not present or 
occurring in low abundances on the coral reef, and 3) ‘reef species’: the remaining reef 
fishes of which all life stages are normally found on the coral reef. In most bay biotopes, 
the nursery species accounted for the majority of the total fish abundance (Fig. 3), 
especially in the mangroves and seagrass beds. The bay species were most abundant in 
the notches and algal beds, and the reef fish species in the channel, boulders and 
notches, all of which are rocky biotopes like the coral reef.
Cluster analysis based on mean fish species densities revealed three main clusters 
(Fig. 4): 1) the algal bed in the bay, which contained very few fishes, 2) the shallow- 
water biotopes in the bay, viz. mangrove, notch, seagrass bed, and boulder, and 3) the 
deeper biotopes, viz. channel and coral reef. The lowest dissimilarity was found between 
the fish community of the mangroves, notches, and seagrass beds.
Importance of shallow-water bay biotopes for reef fishes 59
u
«
■o
-Q«
>
100 
90 - ­
80 - ­
70 - ­
60 - ­
50 - ­
40 - ­
30 - ­
20 - ­
10 - ­
0
□  Nursery DBay ■  Reef
>©S-
§
ä _s- ^5^  «« -Û
Ifl
C
§.=
u
soCO
o.a
siSf.
-Su
o
z
Fig. 3. Relative 
abundance of fish 
species groups in the 
six bay biotopes
Fig. 4. Dendrogram of cluster analysis of 
fish species densities in the seven biotopes
Nursery function
Most fishes observed in the bay were juveniles and belonged to the nursery species 
group. In the algal beds and channel, individuals of these species were somewhat larger 
than in the other bay biotopes. With the exception of Acanthurus chirurgus, the largest 
individuals of these species were mostly found on the coral reef (Table 6).
T able 6. M ean sizes o f  the nursery species in the seven different biotopes. In each biotope, fishes were pooled at site level (> 1 0  fishes per site) 
for statistical com parison betw een bay biotopes and the coral reef (1-way ANOVA). *: insufficient replicates for comparison; these values were 
excluded from the statistical analysis and were calculated by pooling fishes o f  all sites. -: fishes absent or abundance very low. na: not applicable 
'excluding the channel
Mangrove Seagrass
bed
Notch Boulder Algal
bed
Channel Coral
reef
p- values 
lagoon vs reef
Acanthurus chirurgus 11.4 9.2 14.8 11.7 17.4 14.1 16.9 > 0.067
Chaetodon capistratus 5.4 5.4 4.5* 4.3 - 5.8 7.6 <0.005
Gerres cinereus 7.0 11.3 - - 15.3 - 18.4* na
Haemulon flavolineatum 8.4 7.2 6.2 7.8 9.0 10.8 14.0 < 0.020
Haemulon parrai 5.7 7.8 3.8 - - - - na
Haemulon plumieri 10.1
OO00
- - - - - na
Haemulon sciurus 10.2 10.1 15.8* 12.3 - - 22.4 < 0.002
Lutjanus apodus 11.8 10.5* 13.3 14.0 - - 20.9 <0.001
Lutjanus griseus 11.5 13.2 - - 16.6 15.2 - na
Lutjanus mahogoni 7.7 9.7 - 9.4 - - 18.4* na
Ocyurus chrysurus 9.8 8.4 - - 10.7* 8.9 17.2 <0.018
Scarus coeruleus - 12.2 - - - 14.7 17.8* na
Scarus iserti 5.6 6.8
*O
O
m
3.9* 9.2* 7.0 11.1 <0.001
Scarus guacamaia 10.1 14.6 - - - - - na
Sparisoma chrysopterum 10.1 9.3 - 13.0* - 19.5 17.6 <  0.0151
Sphyraena barracuda 14.0 18.4 - - - - - na
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At least 17 fish species, found as adults on the reef, utilised the bay as a nursery. The 
importance of the nursery function of the bay biotopes for these species can be deduced 
from the high densities of the juveniles in the bay in contrast to the almost complete 
absence of juveniles on the coral reef (Fig. 5). The boulders and the mangroves 
contained the highest density and species richness of juvenile nursery species (Fig. 2a, 
b), but in terms of total number of individuals for the entire bay, the seagrass beds 
contained the most nursery fishes (Fig. 2c). Considering the ontogenetic utilisation of 
biotopes on species level, juveniles of nursery species were most abundant in the 
mangroves, and to a lesser degree in the seagrass beds, intermediate-sized fishes were 
often found in the channel, whereas large individuals were found on the coral reef (Fig. 
5). For Gerres cinereus, Haemulon parrai, Lutjanus analis, L. griseus and Sparisoma 
chrysopterum no large individuals were counted in the reef transects, although they were 
seen on the reef at other times. Juvenile parrotfishes (except Scarus guacamaia) were 
not only present in the mangroves and seagrass beds but also in the channel.
Spatial variation in fish density and size structure
The fishes showed a spatial pattern in density distribution in the mangroves and 
seagrass beds. In the mangroves three clusters could be distinguished, which 
corresponded with three areas in the bay, following a gradient from the entrance to the 
far western end of the bay (Fig. 6a). Near the entrance, several species of parrotfishes, 
snappers, and damselfishes reached their highest density, e.g. Scarus iserti, Ocyurus 
chrysurus and Stegastes leucostictus. The typical reef fishes Halichoeres bivittatus, S. 
planifrons, and Thalassoma bifasciatum formed the second cluster and only occurred in 
the west-central part of the bay, at low densities. In the western part, Haemulon parrai 
and the bay species Eucinostomus spp., Gerres cinereus and Archosargus rhomboidalis 
reached their highest densities.
Also in the seagrass beds three clusters could be distinguished, but these followed a 
gradient from the entrance to the far eastern end of the bay (Fig. 6b). Near the entrance, 
Acanthurus chirurgus, Sparisoma radians, and four species of wrasses reached their 
highest density. The west-central part of the bay contained the majority of the fish 
species. In the eastern part, the bay species Archosargus rhomboidalis, Eucinostomus 
sp., and Gerres cinereus, two lutjanids, and Sphyraena barracuda reached their highest 
densities.
The dominant fishes in the mangroves and seagrass beds (see Table 5) showed no 
distinct spatial pattern in density distribution and occurred throughout the bay (Fig. 6). 
The most widespread fish species was Haemulon flavolineatum (occurring at all sites of 
the mangroves, seagrass beds, channel and boulders). Other widespread species were 
Lutjanus apodus (mangrove, notch, boulder), Chaetodon capistratus (mangrove, 
seagrass bed, channel), H. sciurus (mangrove, seagrass bed), Scarus iserti (seagrass bed, 
channel), and Ocyurus chrysurus (seagrass bed, channel).
The reef species group showed a strong decrease in density in all bay biotopes with 
increasing distance from the mouth of the bay (Fig. 7).
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Size class (cm)
Fish species
Acanthurus chirurgus 
Chaetodon capistratus 
Gerres cinereus 
Haemulon flavolineatum  
Haemulon parrai 
Haemulon plumieri 
Haemulon sciurus 
Lutjanus analis 
Lutjanus apodus 
Lutjanus griseus 
Lutjanus mahogoni 
Ocyurus chrysurus 
Scarus coeruleus 
Scarus iserti 
Scarus guacamaia 
Sparisoma chrysopterum 
Sphyraena barracuda
_ i_____ I_____ I_____ I
M angrove
Seagrass bed
Algal bed
Channel
Coral reef
N o data
Fig. 5. Ontogenetic shifts in habitat association of the nursery species. For each size class of each 
fish species the relative abundance per biotope is shown as the percentage of the total abundance 
per size class (in all biotopes), rounded off to portions of 20%. The boulders and notches are 
excluded as their areas are relatively small, causing high densities which skew the data. 
Furthermore, due to their low occurrence and relatively small area they contribute less to the 
nursery function of the Spanish Water Bay in terms of total fish abundances, as compared to the 
other biotopes (see Fig. 2c)
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Fig. 6 . Principal 
Component Analysis 
(PCA) of fish species 
densities at the 
different sites of (a) the 
mangroves, and (b) the 
seagrass beds. The 
horizontal axis
represents the first 
PCA axis, the vertical 
axis represents the 
second PCA axis. The 
first two axes 
accounted for 56.5% in 
the mangroves and 
54.7% in the seagrass 
beds of the total 
variance. Species 
clusters are encircled 
by solid lines and are 
based on the sites in 
which a particular 
species is most 
abundant. The numbers 
refer to the fish species 
numbers in Table 3. 
Nine rare fish species 
are not plotted for the 
mangroves and the 
seagrass beds. See 
Figure 1 for location of 
sites
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On the coral reef, five nursery species and one bay species showed a decrease in 
density with increasing distance down-current of the bay (Fig. 8). The difference in 
density between the reef area in front of the bay and the other reef areas was only 
significant, however, for the Stegastes dorsopunicans, Acanthurus chirurgus and 
Ocyurus chrysurus (p < 0.027, 1-way ANOVA and Tukey HSD multiple comparison). 
The decrease in density was not observed for Haemulon flavolineatum, Scarus iserti and 
Chaetodon capistratus. For the other nursery species, insufficient replicates were 
available for statistical comparison.
Three nursery and one bay species also showed a spatial pattern in size distribution 
between the seagrass beds. The nursery species showed a positive relation, whereas
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Distance to bay (km)
Fig. 8. Mean fish density 
of several nursery species 
and of Stegastes 
dorsopunicans on the 
coral reef as a function of 
distance to the mouth of 
the bay. All reef sites are 
located down-current of 
the bay, and in this area 
other bays are absent
Archosargus rhomboidalis showed a negative relation with increasing distance from the 
bay mouth into the bay (Fig. 9).
Associations with environmental variables, 
biotope structure and distance to the reef
Several of the environmental and habitat variables in the bay were highly correlated 
with the first two (main) axes of the PCA for the mangroves and seagrass beds (Table 
7). The four most important variables could be categorised for both biotopes as: 1) 
distance to the mouth of the bay, 2) water transparency, 3) amount of shelter (i.e. water 
depth in the mangroves and height of seagrass), and 4) structural complexity of the 
biotope (i.e. mangrove prop-root density and seagrass cover). In addition, water 
temperature was of importance on the seagrass beds. The total fish density, species 
richness and density of the different species groups in the two biotopes were related to a 
smaller set of variables, but these also belonged to the important variables as 
distinguished by PCA (Table 7). In all cases, the relation with distance to the mouth was 
negative, whereas the relation with water depth and transparency positive.
66 Chapter 3
So
Om
+
u
.sa%
C
O
so
O
m
+
oN
ScSu
18 
16 
14 
12 
10 
8 
6 
4 
2 
0
18 
16 
14 
12 
10 - ­
8 - ­
6 ■■ 
4 
2 +  
0
Fig. 9. Mean fish size on 
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DISCUSSION 
Biotope association and community structure
The Spanish Water Bay contained a high diversity of reef fish species. Of all species 
observed on the coral reef, over 75% were also found in the bay. Fish communities 
varied among the different biotopes, but some overlap was present, as also found by 
other investigators (Thayer et al. 1987, Sedberry & Carter 1993, Acosta 1997, 
Nagelkerken et al. 2000c). In the present study, the fish community structure of the 
notches, mangroves and seagrass beds were most closely related. The latter two biotopes 
were almost completely dominated by nursery species, which may explain
Table 7. Product-moment correlation coefficients o f some important environmental variables with the four PCA axes o f Fig. 6, and semi-partial 
correlation coefficients (the correlation between the unadjusted dependent variable with the respective variable after controlling for all independent 
variables in the equation) o f predictor variables from stepwise multiple linear regression on density o f all fishes and o f  the different species groups, 
and on species richness. *: p < 0.05, **: p < 0.01. The + and - in front o f the regression coefficients indicate whether the relation is positive or negative. 
R values are given for the final equations o f  multiple linear regression with the predictor variables
Principal Component Analysis Multiple linear regression
Total Species Nursery Reef Bay
Axis 1 Axis 2 Axis 3 Axis 4 density richness species species species
Mangrove
Distance to mouth -0.72** 0.15 -0.24 0.14 -0.51** -0.82*
Water depth 0.45* -0.02 0.29 -0.21 +0.76** +0.60** +0.65*
Density o f prop-roots -0.37 0.70** 0.07 0.20
Water transparency -0.14 0.60* 0.14 0.10 +0.55* +0.45**
Relative length o f prop-roots -0.28 0.23 -0.29 0.18 -0.54
Water temperature -0.05 0.13 -0.04 -0.11
Light intensity between prop-roots -0.01 0.01 -0.02 0.21 -0.36
final equation: 0.71** 0.98** 0.29 0.73** 0.43*
Seagrass bed
Distance to mouth 0.49* -0.76** -0.04 -0.12 -0.44 -0.49 -0.80**
Water transparency -0.49* 0.10* 0.30 0.20* +0.46 +0.69*
Height o f seagrass -0.02 -0.46** 0.13 -0.12
Water temperature 0.05 0.11** 0.49** -0.26* +0.57*
Seagrass cover -0.08 0.13 0.24 -0.44**
Density o f seagrasses 0.35 -0.18 0.11 -0.19
final equation: 0.60* 0.54* 0.47* 0.64**
Im
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their similarity. A separate cluster was found for the fish community of the channel and 
coral reef, which are both deep and rugose biotopes.
Factors which can explain differences in fish density between biotopes are structural 
complexity and amount of shelter they can offer to the fish (Luckhurst & Luckhurst 
1978, Carpenter et al. 1981, Stoner 1983, Bell & Westoby 1986). In the present study 
the fish density and species richness was highest at the structurally complex boulders 
and coral reef, intermediate in the mangroves, notches, channel and seagrass beds, and 
lowest in the algal beds which provide very little shelter.
Nursery function
The Spanish Water Bay serves as an important nursery for at least 17 coral reef fish 
species, most of which are of commercial value to the reef fisheries. All biotopes of the 
bay, except the algal beds, were used as a nursery by juvenile reef fishes. This shows 
that not only mangroves and seagrass beds are important nursery areas, but shallow- 
water biotopes in general (Blaber & Blaber 1980, Lenanton 1982, Nagelkerken et al. 
2000c). Nevertheless, the importance of the nursery function differed significantly 
among biotopes. Boulders and mangroves harboured the highest densities of juvenile 
fish, presumably as a result of their high structural complexity which provides protection 
against predation. On the other hand, because they occurred in rather small and scattered 
patches, the boulders, and also the notches, contributed very little to the overall nursery 
function of the Spanish Water Bay. Instead, primarily the seagrass beds and secondarily 
the mangroves, channel and algal beds contained the most individuals as a result of their 
large surface area in the bay. This shows that the importance of a biotope as a nursery 
can not only be determined on basis of its fish densities, but on a combination of fish 
density and surface area.
The dependence of the nursery species on shallow-water biotopes may be very high 
and is possibly obligate for some species. Of the 17 nursery species, only juveniles of 
Haemulon flavolineatum and Scarus iserti were sometimes found on the coral reef. For 
the other 15 nursery species, juveniles were observed only in the various inland bays of 
the island containing mangroves and seagrass beds, and for some species additionally in 
shallow protected bays with a sand-rubble substrate (pers observ). Hence, shallow-water 
habitats, in particular bays containing mangroves and seagrass beds, probably provide a 
very large part of the nursery support for several economically important reef fish 
species in Curaçao. The pattern of decreasing fish densities (i.e. nursery species) on the 
reef with distance down-current of the bay is consistent with the functioning of the bay 
as a source of recruits.
Several studies have shown that mangroves harbour higher densities of juvenile fish 
than adjacent biotopes such as seagrass beds and sand-rubble areas (Thayer et al. 1987, 
Robertson & Blaber 1992, Sedberry & Carter 1993). In the present study, the mangroves 
also harboured the highest fish densities of all bay biotopes studied, except the boulders, 
where densities of juveniles were about 4.5 times higher than in the mangroves.
Rugose habitats such as boulders, corals, or patch reefs appear to be important
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shelter sites for fishes in mangrove and seagrass dominated lagoons (pers. observ., 
Randall 1963, Ogden & Ehrlich 1977, Kuenen & Debrot 1995). In St. Croix, Ogden & 
Ehrlich (1977) and McFarland (1980) observed that postlarval grunts settle only briefly 
on the seagrass beds, and at lengths of about 2 to 12 cm, all migrate to the patch reefs in 
the lagoon and form large schools. The relatively low abundance of corals and boulders 
in the Spanish Water Bay may explain why nursery species of 2 to 12 cm long can still 
be found abundantly in the mangroves and seagrass beds.
At some stage in their life cycle, the juveniles of many fish species become too large 
so that the bay biotopes are not longer suitable for protection, and the juveniles 
permanently migrate to the coral reef (Weinstein & Heck 1979, Shulman 1985, Rooker 
& Dennis 1991, Nagelkerken et al. 2000c). In the present study, all nursery species 
showed this pattern. Some fishes, however, utilised the deep channel as a biotope for 
intermediate life-stages before migrating to the coral reef. The channel shows some 
resemblance to the coral reef habitat, but provides some advantages typical of lagoons 
and bays, such as lower densities and reduced foraging efficiency of predators (Blaber & 
Blaber 1980, Robertson & Blaber 1992).
Spatial distribution of fishes and associated variables
The axes of the PCA on the fish community of the mangroves and seagrass beds 
were highly correlated to a variety of environmental and habitat variables. Since the 
PCA axes describe the gradient in the distribution of species (the farther from the origin 
the more important), a correlation of a variable with the axes implies that for some 
species this variable is of greater importance than for others. Even though different 
species occurred in different densities in the two different biotopes, four types of 
variables could be identified in the mangroves and seagrass beds which were correlated 
to the species distribution (viz., distance to the mouth, water transparency, amount of 
shelter, and structural complexity). This suggests that in these two different biotopes, 
similar environmental and habitat variables may be determinants of the fish community 
structure.
The total fish density, density of the different species groups, and species richness in 
these bay biotopes were in most cases related to water depth, water transparency, and 
distance to the mouth. The positive relation with depth may be explained by the increase 
in shelter space. For the relation with transparency no explanation could be found. In 
other studies it has been hypothesised that in turbid water the foraging efficiency of fish 
predators decreases, resulting in higher abundances of prey species (Blaber & Blaber 
1980, Robertson & Blaber 1992). In the present study, fish density was lowest in turbid 
water, whereas that of the piscivorous Sphyraena barracuda was highest. The negative 
relation with distance to the mouth was largely caused by the reef species group, which 
probably use the most seaward part of the bay as an extension of the adjacent reef. In 
contrast, several bay species (Archosargus rhomboidalis and mojarras) were most 
abundant in the most interior parts of the bay. The entire postlarval life cycle of these 
species, which are probably well adapted to the bay environment, is likely to occur 
within the bay. This may explain why these bay species are not abundant near the mouth 
of the bay, where the bay environment grades into a coral reef environment.
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The juveniles of three nursery species showed an increase in mean size in the bay 
with increasing distance from the mouth (although maximum sizes in the bay were still 
much smaller than those of the adults on the coral reef). Other studies found large fishes 
on seagrass beds nearer to the coral reef as a result of diurnal feeding migrations from 
the reef to the seagrass beds (Ogden & Ehrlich 1977, Ogden & Zieman 1977, Baelde
1990), but such migrations were not evident in the Spanish Water Bay. The bay species 
Archosargus rhomboidalis showed an opposite pattern, with the smaller individuals 
being most abundant deep inside the bay. Archosargus rhomboidalis probably spawns in 
the bay (Houde & Potthoff 1976), and the juveniles may only migrate toward the mouth 
when they grow larger. Baelde (1990) also observed that A. rhomboidalis (size range 9 
to 24 cm) were larger on seagrass beds near the reef than farther in the lagoon, although 
the smallest juveniles (0 to 4 cm) were mainly present in the bay near the reef.
CONCLUSIONS
The main conclusions of the present study are: 1) fish communities varied among 
biotopes although some overlap was present, 2) all bay biotopes which provided shelter 
were used as nurseries by at least 17 reef fish species; the juveniles of these species were 
mostly found in the mangroves, some of the intermediate-sized fishes were found in the 
channel, and the larger individuals were found on the coral reef, 3) the spatial 
distribution of fishes was not homogeneous in the mangroves and seagrass beds and was 
largely correlated to distance to the mouth of the bay, water transparency, amount of 
shelter, and the structural complexity of the biotope.
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Day-night shifts of fishes between shallow-water 
biotopes of a Caribbean bay, with emphasis on the 
nocturnal feeding of Haemulidae and Lutjanidae
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ABSTRACT: Day-night changes in fish communities were quantified in six associated 
shallow-water biotopes within a single bay: mangroves, seagrass beds, algal beds, 
channel, fossil reef boulders, and notches in fossil reef rock. All biotopes, except the 
algal beds, showed a strong reduction in fish density and species richness at night, 
caused by absence of diurnally active fishes and migrations of Haemulidae and 
Lutjanidae to the seagrass beds. The fish fauna of the different biotopes showed a 
relatively high dissimilarity between day and night. This dissimilarity is largely caused 
by absence of Acanthuridae, Chaetodontidae, Labridae, Pomacentridae, Scaridae and 
Sparidae at night. These fishes seek shelter at night in, amongst others, the channel, 
notches and boulders. The Balloonfish Diodon holocanthus utilised almost all biotopes 
as shelter as well as feeding sites. The wide distribution of its preferred food (molluscs) 
probably explains its distribution in most biotopes at night. The nocturnally active 
Haemulidae and Lutjanidae, on the other hand, migrated from their daytime shelter sites 
to the seagrass beds at night to feed. Some of these fishes also migrated to the algal beds 
to feed. The preference of Haemulidae and Lutjanidae for the seagrass bed as a feeding 
biotope, instead of other bay biotopes, appears to be related to the relatively high 
availability of their preferred food (Tanaidacea and Decapoda) as determined by 
digestive tract analysis. Other bay biotopes showed much lower densities of such food 
items compared to the seagrass beds.
INTRODUCTION
Activity patterns of many coral reef fish species show large differences between day 
and night. Species of Acanthuridae, Chaetodontidae, Labridae, Pomacentridae and 
Scaridae are diurnally active fishes. These species migrate from their feeding sites at 
night to rocks, corals, holes, crevices, ledges, seagrass beds, and sediment where they 
find shelter (Starck & Davis 1966, Randall 1967, Collette & Talbot 1972, Sbikin 1977). 
Nocturnally active species of Apogonidae, Diodontidae, Haemulidae, Lutjanidae, 
Holocentridae and Sciaenidae shelter during daytime and migrate to their feeding sites at 
night (Starck & Davis 1966, Randall 1967, Collette & Talbot 1972, Sbikin 1977). 
Studies which have focussed on the day-night changeover of fish communities have been 
mostly qualitative (e.g. Starck & Davis 1966, Collette & Talbot 1972, Hobson 1973, 
Sbikin 1977). Few quantitative studies have been carried out and only on single biotopes 
such as seagrass beds (Weinstein & Heck 1979, Robblee & Zieman 1984) and 
mangroves (Rooker & Dennis 1991). Day-night changes of fish assemblages between 
several shallow-water biotopes within a single bay or lagoon are hardly studied. Studies 
of the importance of different shallow water biotopes as shelter or feeding sites, and an 
understanding of the interactions between associated shallow-water biotopes are 
necessary.
Feeding migrations of both nocturnal and diurnal fish species are often precisely 
timed. They occur at dusk and at dawn along specific and constant routes (Ogden & 
Buckman 1973, Ogden & Ehrlich 1977). They are linked to changing light levels 
(McFarland et al. 1979, Helfman et al. 1982). Especially Haemulidae (grunts) show a 
marked migration behaviour. In lagoons, juvenile Haemulidae school together and seek
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shelter on patch reefs or in the mangroves by day and migrate to the adjacent seagrass 
beds at night to feed on invertebrates (Ogden & Ehrlich 1977, Rooker & Dennis 1991). 
The migration routes are more or less fixed over the long term and may cover distances 
of up to 1 km (Ogden & Ehrlich 1977, Ogden & Zieman 1977). Adult Haemulidae and 
Lutjanidae shelter on the coral reef by day and migrate to the adjacent seagrass beds to 
feed at night (Starck & Davis 1966, Weinstein & Heck 1979, Baelde 1990).
Haemulidae and Lutjanidae supposedly feed at night to reduce risk of predation, and 
because their preferred food (i.e. crustaceans) emerges at night (Hobson 1965, Starck & 
Davis 1966). Seagrass beds harbour high densities of several crustacean species due to 
their structural complexity (Orth et al. 1984). It has been suggested that seagrass beds 
function as important feeding sites for nocturnally active benthic carnivores, including 
Haemulidae and Lutjanidae (Randall 1967, Ogden & Zieman 1977, Orth et al. 1984, 
Pollard 1984). Few studies have investigated in detail why Haemulidae and Lutjanidae 
especially feed on the seagrass beds at night, and not in other associated lagoon 
biotopes, such as mangroves, patch reefs, algal beds, etc. Other lagoon biotopes may 
also contain high densities of crustaceans. The question is whether Haemulidae and 
Lutjanidae migrate to the seagrass beds, instead of other lagoon biotopes, because they 
contain higher densities of (preferred) food organisms, or merely because the seagrass 
beds cover a much larger area than other lagoon biotopes, thus reducing competition for 
food. For a better understanding of the selection of feeding sites by fishes within a 
lagoon, not only their diets should be studied, but also availability of the selected food 
organisms in all other associated biotopes.
Species of Haemulidae and Lutjanidae were selected in the present study because 
they show marked migration behaviour and because they often constitute a large part of 
the fish population in lagoons and bays. The two questions addressed in this study, 
carried out in different biotopes within one bay, are: (1) What is the effect of the day- 
night changeover in fish community structure (i.e. structure of the fish fauna) on the 
densities of individual fish species in six different but associated bay biotopes? and (2) 
Does the absence or presence of most commonly consumed food organisms in different 
bay biotopes explain why species of Haemulidae and Lutjanidae normally select 
seagrass beds as nocturnal feeding biotopes?
MATERIALS AND METHODS
Study area. The study was carried out in the Spanish Water Bay in Curaçao, 
Netherlands Antilles (Fig. 1). The mouth of this bay is situated at the sheltered south­
western coast of the island and is 85 m wide and protected by a sill of maximum 6 m 
deep. The bay is connected to the sea by a relatively long (1.1 km) and deep channel that 
partly continues into the central part of the bay. Apart from the channel the bay is 
relatively shallow (depth < 5 m). The daily tidal range is on average 30 cm (de Haan & 
Zaneveld 1959). Mean (± SD) water temperature and salinity during the study period
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Fig. 1. Map of the Spanish Water Bay showing the location of the study sites (1 to 
12). The algal beds generally cover the area between the seagrass beds and the 
channel (located at the 1 0  m isobath); the boulders are located directly in front of the 
fossil reef terrace.
(November 1997 through August 1998) at the 12 study sites in the bay were 28.3 ± 
0.2°C and 35.4 ± 0.2%o, respectively, while on the reef in front of the bay 27.5 ± 1.2°C 
and 35.0 ± 0.2%o, respectively, were measured. The restricted range of salinities 
demonstrates the oceanic nature of the bay. The bay has relatively clear water with an 
average of 6.2 ± 2.1 m horizontal Secchi disk visibility. Highest mean visibility was 
found near the mouth (8.1 ± 3.1 m) and in the western part of the bay (7.4 ± 2.2 m), 
while the lowest mean visibility was found in the eastern part (4.4 ± 1.2 m). The mean 
visibility on the reef in front of the bay measured 17.5 ± 4.6 m. The bottom in the
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eastern part is dominated by fine sediment, while in the western part it is largely 
composed of coarse sediment (Kuenen & Debrot 1995).
A pre-study survey in the Spanish Water Bay revealed six main biotopes. These are 
the mangroves, seagrass beds, algal beds, channel, notches in fossil reef rock, and fossil 
reef boulders. Data were collected in each of these biotopes, and on the coral reef along 
the coast of the island.
The red mangrove Rhizophora mangle dominates the coastline of the bay and is 
most abundant in the eastern part of the bay (Fig. 1). In other parts of the bay, the 
mangroves consist of isolated stands. The mangrove stands selected for this study had 
submerged root systems measuring, on average, 27 ± 11 m in length and 1.4 ± 0.5 m in 
width, at water depths of 0.8 ± 0.2 m.
The shallow parts of the bay are dominated by the turtle grass Thalassia testudinum 
(Fig. 1). This seagrass is found along almost the entire coastline of the bay, at depths of 
approximately 40 cm to a maximum of 3 m. In the turbid parts of the bay the seagrass 
extends to about 1.5 m depth, while in the clearer part it extends to about 3 m. Mean 
seagrass cover was 81 ± 12%, height of the seagrass blades 22 ± 8 cm, and seagrass 
shoot density 143 ± 66 m-2.
As depth increases and light levels decrease, Thalassia testudinum is almost 
completely replaced by macro algal species such as Halimeda opuntia, H. incrassata, 
Cladophora sp. and Caulerpa verticillata (Kuenen & Debrot 1995). The algal beds fill 
up almost the completely area between the seagrass beds and the channel, and are 
generally found on the soft bottom at 2 to 5 m depth. The density, cover and elevation of 
the algae is very low. Hence, the algal beds are scarcely vegetated and provide little 
shelter for fish.
In the central parts and at the entrance of the bay, at about 5 m depth, the bottom 
abruptly turns into a deep channel with a steep slope (Fig. 1). The channel is 11 to 18 m 
deep reaching its greatest depth near the entrance of the bay. On the slope of the channel 
some small and large boulders of fossil reef rock are found, covered with filamentous 
algae. The soft bottom of the channel is almost completely devoid of vegetation. 
Compared to the other biotopes the deeper part of the channel is very turbid.
The shore on the southern part of the bay largely consists of a fossil reef terrace (up 
to 3 m high) which partly extends into the water (Fig. 1). At the water/surface interface 
and under water, biochemical solution and biochemical abrasion have formed notches in 
the fossil reef terrace (de Buisonjé & Zonneveld 1960). The water height of the notches 
selected for this study was approximately 0.5 m and the notches extended about 0.8 m 
under the reef terrace. As they are located under the reef terrace, the notches receive 
little ambient light and are relatively dark. The rocky substratum of the notches is mainly 
covered by fleshy and filamentous algae. Small to medium-sized rocks are often located 
just in front of the notches.
Massive boulders which have broken off from the fossil reef terrace in the past and 
tumbled into the water, are regularly found at a distance of 0.5 to 2 m in front of the reef 
terrace (Fig. 1). The boulders partly extend above the sea water level. The mean 
circumference of the selected boulders measured 7.7 ± 3.1 m, while the mean water 
height measured 0.6 ± 0.2 m. At the bottom/water interface the boulders often contain
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shallow cracks and holes. On average the height of the holes was 0.13 ± 0.09 m, while 
they extended on average along 30 ± 26% of the total circumference of the boulder. The 
rocky substratum of the boulders is mainly covered by fleshy and filamentous algae.
Sampling design. The total fish abundance in the bay was largely accounted for by 
juvenile fish using the bay as a nursery. Fish densities and species richness (i.e. number 
of species) were determined during both day and night at 12 study sites in the six 
associated biotopes. The selected study sites were located throughout the bay. Not all 
biotopes were present at each site (Fig. 1). The number of sites and transects for the 
different biotopes were: mangroves (12, 44), seagrass beds (11, 44), algal beds (10, 60), 
channel (4, 16), notches in fossil reef rock (7, 24), and fossil reef boulders (6, 22).
At each site of each biotope, four replicate transects were randomly selected. As the 
algal beds were distributed over a depth range of about 2 to a maximum of 6 m, the 
replicate transects were taken close to shore at 2 m depth as well as in the deeper parts 
of the bay at 5 m depth (total: 8 replicates per site). The data of the two depth zones 
were pooled in all analyses. The size of the transects on the seagrass beds and algal beds 
measured 3 x 50 m, while in the channel they measured 3 x 25 m. For the mangroves, 
isolated stands of mangrove were selected and surveyed completely. The mangrove 
stands were narrow (up to a maximum of 2 m) permitting a complete and accurate 
census. Isolated fossil reef boulders were also surveyed completely. The notches in the 
fossil reef rock are continuous and were studied at each site in four sections of 25 m 
long. For all transects in the mangroves, notches, and boulders the total transect area was 
estimated by measuring the depth at intervals of 5 m (for the boulders at intervals of 1 
m) and multiplying the mean depth with the total length of the transect.
The transects were marked by a fine rope, placed at least 30 min before the survey in 
order to minimise disturbance effects. Snorkeling gear was used during the visual 
surveys. SCUBA gear was used on the algal beds at 5 m and in the channel. For the 
night census the light beam of the dive lights was adjusted for a wide angle which 
covered the entire transect width. Most fish species did not appear to be greatly 
disturbed by the light beam. Due to the relatively low fish abundance at night, fishes 
were not easily missed.
Per transect, the surveys were done once by two observers during daytime and at 
night in the period December 1997 to March 1998. Species identification and 
quantification of fishes was first thoroughly practised in test transects. As most fish 
remained more or less in the same area, the observers effect on fish abundance seems to 
be relatively small. The moon phase was not taken into account at night in the various 
transects in the different biotopes. No significant effect of the moon cycle on the density 
of any abundant fish species was demonstrated, except Diodon holocanthus, in a pilot 
study done in all bay biotopes during the four different moon phases. Additionally, 
observations on the migration behaviour of fishes sheltering in the mangroves, boulders, 
notches and seagrass beds were made at dusk. The surveys included almost all 
encountered species with the exception of small or cryptic fish species (Gobiidae, 
Blenniidae, Apogonidae, Muraenidae) and species forming large schools (Atherinidae, 
Clupeidae, Engraulidae).
Diets of abundant species of Haemulidae (grunts) and Lutjanidae (snappers) were 
quantified by examining the entire digestive tract. The gut contents were categorised as:
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algae (calcareous, filamentous, macro, and unicellular), Amphipoda, Annelida, Bivalvia, 
Copepoda, Decapoda (mainly crabs and sometimes shrimps), Echinodermata, fish, 
Foraminifera, Gastropoda, Isopoda, Mysidacea, Nematoda, Ostracoda, other, seagrass, 
sediment, and Tanaidacea. The number of crustaceans was too high for quantification as 
percent composition by total number, and the biomass too low for quantification as 
percent composition by total weight. The abundance of each group was therefore 
quantified as the percent composition by volume of the digestive tract (Bowen 1992). 
For diet analysis fishes were caught with a beach seine on the seagrass beds and notches 
and boulders, and with an Antillean fish trap in the mangroves. As these fishes feed at 
night they were caught during the early morning to facilitate diet analysis. Ontogenetic 
shifts in diets are present in several species of Haemulidae and Lutjanidae. Only the 
most abundant size class of the fishes was therefore used for diet analysis.
Densities of macro-invertebrates were determined in the top layer of the substratum 
as well as in the vegetation, at three sites in the mangroves, seagrass beds, algal beds and 
channel. Per biotope six bottom cores (diameter: 5.4 cm) were taken. Macro­
invertebrates from the vegetation was also sampled by hauling a plankton net (diameter 
of mouth: 25 cm) through the seagrass and algal blades along a transect of 3 m long. The 
plankton net samples were taken at the same locations as the bottom cores. Samples 
were taken at dusk after 17:00 h.
Only the upper 3 cm of the bottom cores were analysed for their contents since this 
fraction contained the majority of benthic organisms. The cores were sieved over a sieve 
with a mesh size of 250 ^m. The bottom cores and plankton net samples were incubated 
with Bengal Rose for 12 h to colour small crustaceans and other organisms red and 
facilitate quantification. For each core and plankton net sample the total number and 
type of macro-invertebrates were determined using a stereomicroscope. The macro­
invertebrates were categorised as: Acaridae, Amphipoda, Annelida, Bivalvia, Copepoda, 
Cumacea, Decapoda, Echinodermata, Gastropoda, Isopoda, Mysidacea, Nematoda, 
Nemertea, Ostracoda, Platyhelminthes, and Tanaidacea.
Statistical analysis. Mean fish density and species richness during day and night 
were compared for each biotope using a paired t-test on log-transformed data. 
Homogeneity of variances was tested with a Bartlett test while normality was tested with 
a Kolmogorov-Smirnov 1-sample test (Sokal & Rohlf 1995). Day-night differences in 
density were also compared for individual fish species in each biotope using a Wilcoxon 
test for matched pairs (Sokal & Rohlf 1995). Differences in densities of macro­
invertebrates between biotopes were tested using a Kruskal-Wallis test or Mann­
Whitney (7-test. Cluster analysis was carried out on log-transformed data of the fish 
species densities in the different biotopes during daytime and at night, using the 
computer programme CLUSTAN1C2 (Wishart 1978). The average-linkage method 
(Sokal & Michener 1958) was used in combination with the Bray-Curtis coefficient.
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RESULTS
Fish densities decreased significantly at night (p < 0.002, t-test) in the boulders, 
mangroves, channel, notches and seagrass beds (Fig. 2a), showing mean decreases of 86 
to 97% with respect to daytime densities. The fish density at night in the algal beds, 
however, was as low as during daytime. Also, fish species richness decreased 
significantly at night (p < 0.036, t-test) in the boulders, mangroves, channel, notches and 
seagrass beds (Fig. 2b), showing mean decreases of 55 to 73% with respect to the 
daytime values. The algal beds, on the other hand, showed a mean increase in species 
richness at night of 112% (p = 0.012, t-test). So, except for the algal beds, the density 
and species richness in all biotopes decreased substantially at night.
Cluster analysis of fish species densities in each biotope showed a relatively high 
dissimilarity in the fish community structure between day and night (Fig. 3). Lowest
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Table 1. Mean densities per 100 m- 2 (SD) of the most abundant fishes in the six different bay 
biotopes by day and at night. Less abundant and rare species are not shown. Numbers in rows of 
family names are total fish densities for each family, including species not shown. Day-night 
densities were compared using a Wilcoxon test for matched pairs. >, >>: significantly higher (p < 
0.05, resp., p < 0.01), and <, <<: significantly lower; the others showed no significant difference
Seagrass bed
Day Night
Mangrove
Day Night
Acanthuridae 1.6 0.05 1.1 0.1
Acanthurus chirurgus, doctorfish 0.8 (1.1) > 0.05 (0.1) 1.0 (1.8) 0.1 (0.3)
Chaetodontidae 1.6 0.02 10.9 1.2
Chaetodon capistratus, foureye butterflyfish 1.6 (1.1) >> 0.02 (0.1) 10.9 (10.9) >> 1.2 (3.6)
Diodontidae 0.1 0.8 0.3 1.8
Diodon holocanthus, balloonfish 0.1 (0.1) << 0.8 (0.5) 0.3 (0.5) < 1.7 (1.9)
Gerreidae 3.5 0.2 18.0 0.5
Gerres cinereus, yellowfin mojarra 0.3 (0.4) 0.1 (0.3) 16.2 (32.4) >> 0.5 (1.4)
Eucinostomus spp., mojarra spp. 2.0 (3.8) - 0.3 (0.5) -
Haemulidae 31.5 1.9 129.3 4.5
Haemulon flavolineatum , french grunt 27.8 (22.2) >> 1.4 (0.8) 99.1 (123.6) >> 3.4 (3.9)
Haemulon sciurus, bluestriped grunt 3.5 (2.8) >> 0.4 (0.4) 26.4 (24.8) >> 1.1 (1.4)
Holocentridae - 0.05 0.1 0.3
Holocentrus adscensionis , squirrelfish - 0.05 (0.1) - 0.2 (0.4)
Labridae 2.0 - - -
Halichoeres bivittatus, slippery dick 1.3 (3.5) - - -
Thalassoma bifasciatum , bluehead 0.2 (0.8) - - -
Lutjanidae 4.1 0.4 48.4 3.2
Lutjanus apodus, schoolmaster 0.2 (0.3) 0.1 (0.1) 36.2 (14.8) >> 3.2 (2.3)
Lutjanus griseus, gray snapper 0.7 (1.0) > 0 .0 2 (0 .1 ) 3.6 (2.9) -
Ocyurus chrysurus, yellowtail snapper 3.0 (2.3) >> 0.2 (0.3) 7.8 (16.4) -
Pomacentridae 1.7 - 7.1 0.1
Abudefduf taurus, night sergeant - - - -
Stegastes dorsopunicans, dusky damselfish - - 0.5 (1.1) -
Stegastes partitus , bicolor damselfish - - - -
Scaridae 21.3 0.03 14.9 0.1
Scarus iserti , striped parrotfish 19.7 (16.3) - 10.8 (29.6) -
Sparisoma chrysopterum , redtail parrotfish 0.6 (0.5) - 2.2 (4.6) -
Sparidae 0.7 0.1 6.8 0.04
Archosargus rhomboidalis , sea bream 0.7 (0.6) >> 0.1 (0.5) 6.8 (13.3) > 0.04 (0.1)
Summed density o f abundant species 68.7 3.8 242.0 13.1
% of total fish density 91.0 87.5 91.8 86.4
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Table 1. Continued
Algal bed
Day Night
Channel
Day Night
Notch
Day Night
Boulder
Day Night
0.1 0.01 5.8 0.3 6.7 - 55.2 1.7
0.1 (0.3) 0.01 (0.04) 5.8 (3.3) > 0.3 (0.3) 5.0 (8.8) - 55.2 (68.6) > 1.7 (3.9)
0.1 - 6.6 0.3 2.3 - 13.7 -
0.1 (0.2) - 6.6 (4.8) 0.3 (0.2) 2.3 (4.9) - 13.7 (16.6) -
0.01 0.3 0.3 0.5 0.3 3.0 1.1 -
0.01 (0.04) << 0.3 (0.3) 0.3 (0.3) 0.5 (0.6) 0.3 (0.5) 2.7 (2.5) 1.1 (2.8) -
0.4 0.3 0.2 - 0.9 - 25.4 -
0.1 (0.3) 0.2 (0.3) 0.2 (0.3) - 0.1 (0.4) - 25.4 (42.8) -
0.3 (0.8) 0.04 (0.1) - - - - - -
0.1 1.3 4.2 1.4 10.2 2.7 748.9 18.3
0.1 (0.3) << 0.9 (0.7) 3.9 (3.4) 1.3 (1.7) 8.7 (13.6) 2.7 (3.7) 601.9 (580.9) > 16.5 (26.3)
0.03 (0.1) < 0.3 (0.5) 0.2 (0.2) 0.1 (0.2) 1.4 (1.9) - 109.5 (182.1) 1.8 (4.0)
- - 1.4 - - 1.9 10.8 23.4
- - 1.4 (2.0) - - 1.9 (2.0) 9.2 (10.0) 19.4 (20.3)
- - 11.0 - 8.4 - 68.2 -
- - 6.8 (11.5) - 0.4 (1.0) - 8.5 (20.9) -
- - 1.4 (2.8) - 5.8 (15.4) - 21.1 (51.7) -
0.6 0.2 11.7 0.5 13.8 2.2 291.9 15.8
0.02 (0.1) 0.03 (0.1) 0.5 (0.6) 0.2 (0.2) 12.6 (7.0) > 1.7 (2.6) 269.3 (242.0) > 13.4 (19.4)
0.3 (0.7) 0.1 (0.1) 7.8 (6.4) 0.1 (0.2) 0.4 (1.0) - 5.1 (8.5) -
0.2 (0.4) 0.1 (0.2) 3.1 (3.1) 0.1 (0.2) 0.4 (1.1) - - -
0.04 - 27.6 - 35.1 1.5 204.3 73.5
- - - - - 1.1 (1.6) - 36.1 (64.6)
- - 0.6 (1.2) - 24.9 (32.4) 0.4 (0.8) 162.0 (99.8) > 37.4 (17.4)
- - 13.8 (26.6) - - - 1.4 (3.5) -
0.3 0.01 58.1 0.7 4.1 0.5 70.0 1.6
0.3 (0.8) - 46.3 (44.2) - 3.5 (9.2) - 41.3 (80.7) -
- 0.01 (0.04) 4.9 (4.9) 0.4 (0.6) - 0.5 (1.2) 23.1 (43.9) 1.6 (3.6)
0.5 0.05 - - - - - -
0.5 (1.3) 0.03 (0.1) - - - - - -
2.4 2.3 132.4 4.6 86.8 12.5 1556.4 145.5
83.7 86.7 78.1 91.8 75.9 87.9 86.6 87.9
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dissimilarity was found between the fish community of seagrass beds and algal beds at 
night.
Table 1 shows the day-night changes in densities of abundant fish species in the 
different biotopes. In the seagrass beds, the most noticeable difference between day and 
night was a high abundance of Scaridae during daytime in contrast to an almost 
complete absence at night. Diodontidae were hardly observed during daytime, while at 
night their densities increased significantly and at that time they contributed significantly 
to the total fish density.
In the mangroves, Gerreidae, Pomacentridae, Scaridae, and Sparidae were relatively 
abundant by day but formed only a very small part of the total fish abundance at night 
(Table 1). Densities of Diodontidae increased significantly at night, and they became 
dominant together with the Haemulidae and Lutjanidae.
On the algal beds, Scaridae and Sparidae formed an important part of the total 
daytime fish abundance, but at night they were almost completely absent. The densities 
of Diodontidae and Haemulidae increased significantly at night and they became 
dominant, which was not the case by day.
In the channel, Labridae and Pomacentridae were relatively abundant by day but 
completely absent at night, while Pseudupeneus maculatus (spotted goatfish) increased 
in density from 0.0 per 100 m2 by day to 0.6 per 100 m2 at night (not included in Table 1 
because of low abundance in other biotopes). In contrast to the other biotopes, 
Acanthuridae and Scaridae were still relatively abundant in the channel at night. These 
were sleeping fishes, however, seeking shelter for the night between scattered rocks and 
boulders on the bottom of the channel.
In the notches, Acanthuridae and Labridae were relatively abundant by day but 
completely absent at night, while Pomacentridae showed a strong decrease in density at
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night. Further, Diodontidae and Holocentridae increased in density at night becoming 
relatively abundant. The Pomacentridae were still relatively abundant at night, but these 
were inactive fishes sheltering in holes and crevices.
At the boulders, Chaetodontidae, Gerreidae and Labridae were absent at night, while 
the density of Holocentridae increases at night. As for the notches, Pomacentridae were 
still abundant at night, but these were inactive fishes sheltering in holes and crevices. 
The boulders were the only biotope where Diodon holocanthus was absent at night.
Observations at dusk in the seagrass beds revealed that Haemulidae and Lutjanidae 
migrated from the mangroves, boulders, and notches to the adjacent seagrass beds at 
night. The smaller fishes generally descended between the seagrass shoots to search for 
food at the bottom, while the larger individuals were more often observed swimming 
above the seagrass blades. Nocturnal feeding migrations of Haemulidae and Lutjanidae 
from the adjacent coral reef to the seagrass beds in the bay were not observed. No larger 
fishes and adults of the coral reef were observed at night in any of the bay biotopes near 
the mouth of the bay nor further inwards of the bay.
Haemulidae and Lutjanidae showed a strong diet preference for specific types of 
macro-invertebrates. The proportions in which they were consumed sometimes differed 
somewhat between fishes from different biotopes (Table 2). The diets of Haemulon 
flavolineatum, H. sciurus and Ocyurus chrysurus consisted largely of Tanaidacea, while 
Decapoda (mainly crabs) constituted the largest part of the diets of Lutjanus apodus and 
L. griseus. Other macro-invertebrates which were frequently consumed were Copepoda 
by H. flavolineatum and H. sciurus, Mysidacea by O. chrysurus, Annelida by H. 
flavolineatum, and small fishes by O. chrysurus and L. apodus. Amphipoda and 
Gastropoda formed a small part of the diets of H. flavolineatum and H. sciurus.
The macro-invertebrates most commonly consumed by Haemulidae and Lutjanidae 
were found to be most abundant in bottom sediment of the seagrass beds, and for some 
macro-invertebrates this was also the case for the algal beds (Table 3). Tanaidacea and 
Annelida were very abundant in the seagrass and algal beds, but absent in the mangroves 
and only occurred at very low densities in the channel. Amphipoda were found in higher 
densities in the seagrass beds and algal beds than in the other biotopes, while Mysidacea 
were abundant in the seagrass beds and absent in most other biotopes. Copepoda and 
Gastropoda were found in all four biotopes, but were most abundant in the seagrass 
beds. Densities of the different macro-invertebrates between the blades of the seagrasses 
were in all cases significantly higher than between the algal blades (Table 3). In the 
notches and boulders, these macro-invertebrates are probably lacking because only 
rocky substratum is present.
DISCUSSION
With the exception of the algal beds, all biotopes of the Spanish Water Bay showed a 
strong reduction in fish density and species richness at night, and a high dissimilarity
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Table 2. Com position o f  diets o f  several species o f H aem ulidae and Lutjanidae. Only the m ost im portant groups o f  m acro­
invertebrates are shown, and com position for each group is expressed as percentage o f  the total food volum e in the entire digestive 
tract o f  a fish. Size refers to the size range (total length) o f the fishes studied, w hile N  refers to  the num ber o f stom achs analysed. 
Tana: Tanaidacea, Cope: Copepoda, Mysi: M ysidacea, Deca: Decapoda, Am phi: Am phipoda, Gastro: G astropoda, Anne: A nnelida
Size (cm) N Tana Cope Mysi Deca Am phi Gastro Anne Fish Total
Haemulon flavolineatum
Seagrass bed 5 -1 3 39 58 0 0 3 4 2 1 1 68
Boulder, notch 4 -1 3 6 15 33 0 0 10 0 18 0 76
Haemulon sciurus
Seagrass bed 6 -1 4 38 54 10 1 1 1 5 3 0 75
M angrove 8 -1 2 5 43 0 0 0 0 0 0 0 43
Ocyurus chrysurus
Seagrass bed 6 -1 3 34 34 5 19 23 1 1 1 7 91
M angrove 2 - 1 0 4 55 3 10 0 0 0 0 33 100
Lutjanus apodus
Seagrass bed 7 -1 8 39 14 0 3 68 1 0 0 7 93
M angrove 12-21 10 0 0 0 72 0 0 0 26 98
Boulder, notch 9 -2 2 4 0 0 0 68 0 0 0 33 100
Lutjanus griseus
Seagrass bed 7 -1 6 14 10 0 2 68 0 0 0 7 87 Chapter 4
Table 3. Densities (SD) o f the most commonly consumed macro-invertebrates by Haemulidae and Lutjanidae in the bottom sediment o f different 
biotopes, and between the seagrass and algal blades. -: no significant difference. S: seagrass bed, A: algal bed, M: mangrove, C: channel
Density in top layer o f bottom (dm 3) Density between blades (m 3)
Seagrass bed Algal bed Mangrove Channel difference p-value Seagrass bed Algal bed p-value
Tanaidacea 284 (549) 391 (687) 0 (0) 17 (17) S > M; A > M,C <0.036 2619 (1407) 60 (112) 0.001
Copepoda 240 (367) 46 (51) 10 (18) 10 (12) - > 0.087 1005 (454) 80 (76) <0.001
Gastropoda 184 (83) 49 (47) 68 (66) 70 (36) S > A,M,C <0.016 324 (361) 79 (66) 0.025
Annelida 143 (108) 133 (101) 0 (0) 2(6) S,A > M,C < 0.003 360 (244) 11 (14) <0.001
Mysidacea 29 (44) 2(6) 0 (0) 0(0) S > M,C = 0.022 699 (912) 10(6) <0.001
Amphipoda 19 (25) 15 (24) 2 (6) 5(8) - >0.181 165 (119) 1 (3) <0.001
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in the fish fauna between day and night. The dissimilarity in fish fauna was largely 
caused by daily migrations of Acanthuridae, Chaetodontidae, Labridae, Pomacentridae, 
Scaridae and Sparidae. These diurnally active fishes (Starck & Davis 1966, Randall 
1967, Collette & Talbot 1972) were generally abundant in most bay biotopes by day, but 
completely absent or found at very low densities at night. Species belonging to these 
families are known to migrate away from their diurnal feeding sites and seek shelter at 
night (Starck & Davis 1966, Randall 1967, Collette & Talbot 1972, Sbikin 1977). This 
probably explains the relatively high densities at night of inactive Acanthuridae and 
Scaridae in the channel, and of Pomacentridae in the notches and boulders of the 
Spanish Water Bay. These biotopes contain small rocks and boulders with holes and 
crevices which provide shelter for the night
The nocturnally active Diodontidae utilised most biotopes as shelter sites during 
daytime, but at night no predominant migration was observed to the seagrass beds or 
algal beds. Instead, all biotopes were used as shelter as well as feeding sites at night. 
The main food of Diodon holocanthus consists largely of molluscs (Randall 1967, 
Nagelkerken et al. unpubl. data), and the presence of Gastropoda in the seagrass beds, 
algal beds, mangroves as well as the channel may explain the presence of this fish 
species in all of these biotopes at night.
Studies have shown that during daytime Haemulidae and Lutjanidae seek shelter on 
patch reefs and in mangroves located in lagoons (Ogden & Ehrlich 1977, Rooker & 
Dennis 1991). The present study suggests that any bay biotope with sufficient shelter 
(i.e. boulders, channel, seagrasses, mangroves, notches) is used as a daytime shelter site 
by these species. The only biotope not used as such were the algal beds. This is likely 
the result of the low structural complexity and consequently the low degree of shelter 
provided by this biotope (Nagelkerken et al. 2000b). The seagrass beds in the Spanish 
Water Bay (this study) and Lac Bay in Bonaire (Nagelkerken et al. 2000c) form an 
important daytime shelter site for juvenile Haemulidae and Lutjanidae. Lack of these 
fishes in the seagrass beds of St. Croix (Ogden & Zieman 1977, Robblee & Zieman 
1984) may be explained by the relatively narrow and short seagrass blades which 
provide a relatively low degree of shelter (J. Ogden pers. comm.).
The nocturnally active Haemulidae and Lutjanidae (Starck & Davis 1966, Randall 
1967) were very abundant in almost all biotopes during daytime but, in contrast to the 
diurnally active fish species, generally did not feed. This is supported by analysis of the 
diets of these fishes in the Spanish Water Bay caught at mid-day and in the afternoon 
which showed that their digestive tracts were largely empty. When feeding at night, it 
appeared for these fish species that no large differences were present in their diet 
between the different biotopes. A similar result was found by Brewer et al. (1995) in 
Australia, who suggested that feeding behaviour may not entirely be opportunistic but 
also determined by species-specific preferences.
Studies have shown, so far, that at night juvenile Haemulidae and Lutjanidae migrate 
out of the mangroves and patch reefs to the adjacent seagrass beds to feed on 
invertebrates (Ogden & Ehrlich 1977, Robblee & Zieman 1984). The present study 
shows that not only the mangroves, but all shelter sites show strong reductions in fish 
densities (including Haemulidae and Lutjanidae) at night. For the notches, boulders and
Day-night shifts of fishes between shallow-water bay biotopes 87
mangroves it was confirmed that the nocturnal fish migration was toward the adjacent 
seagrass beds. The most commonly consumed macro-invertebrates by Haemulidae and 
Lutjanidae, viz. Tanaidacea, Copepoda, Mysidacea and Annelida, were absent or 
occurring in low densities in the mangroves and channel, and most likely also in the 
notches and boulders. In the sediment of the seagrass beds and between the seagrass 
blades these food organisms were abundant, however. This probably explains why 
Haemulidae and Lutjanidae, at least in the Spanish Water Bay, largely migrate out of 
their shelter biotopes towards the seagrass beds at night to feed, instead of staying in 
their diurnal shelter sites to find food. Likewise, Brewer et al. (1995) showed that for 
most fish species living in a seagrass bed in Australia predation on penaeids shrimps 
appeared to be density-dependent, while Blaber et al. (1992) suggested that larger fish 
species were more abundant in denser seagrass beds because the smaller fishes on which 
they feed had the same pattern of abundance.
Another factor to consider with respect to the nocturnal feeding migrations is the 
accessibility of the prey, viz. how fishes search and capture their prey in relation to the 
type of biotope. One hypothesis which relates to this, but has never been tested, is that 
Haemulidae favour the seagrass beds for feeding because of the more extensive surface 
areas as compared to other biotopes. Haemulidae lack high-precision sight, and effective 
feeding may depend on fluorescence by micro-organisms to signal moving prey (J. 
Ogden pers. comm.). This method of food capture necessitates a large surface area to 
avoid competition for space between fishes.
Decapoda, which formed the main food type for Lutjanidae, were not found in the 
bottom cores and plankton hauls sampled during the present study. Neither of these two 
sampling methods is very effective in sampling Decapoda, however. These invertebrates 
are probably able to hold onto the seagrass and algal blades when the plankton net is 
passing through the vegetation, and are too large to be sampled by the bottom cores. 
However, as seagrass blades and shoots provide excellent shelter for different species of 
crustaceans (Stoner 1980, Lewis & Stoner 1983), Decapoda are likely to be more 
abundant in the seagrass beds than in the other biotopes with little bottom vegetation, 
such as the boulders, channel, mangroves and notches. Likewise, several studies have 
found higher densities of crustaceans in seagrass beds than in areas with little vegetation 
(see review by Orth et al. 1984).
Although Haemulidae and Lutjanidae showed nocturnal migrations from the 
mangroves, notches and boulders to the seagrass beds, their densities in the seagrass 
beds were lower at night than during daytime. In the seagrass beds larger size classes of 
fishes were present at night than during daytime, suggesting that the small-sized 
individuals were missed during the night census. Field observations showed that the 
small fishes sink between the seagrass blades at night, and as such can easily be missed. 
The larger individuals were always found swimming above the seagrass blades. Because 
other bay biotopes had very little or no bottom vegetation this problem was not 
encountered there.
Only in the algal beds there was no strong decrease in fish density and species 
richness at night, and the latter even showed an increase at night. Densities of Haemulon 
flavolineatum and H. sciurus increased at night on the algal beds, suggesting that these 
fish species also use this biotope as a feeding area. The macro-invertebrates which were
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most commonly consumed by these fish species, viz. Tanaidacea and Copepoda, were 
relatively abundant in the bottom sediment of the algal beds. This probably explains why
H. flavolineatum and H. sciurus not only migrate to the seagrass beds but also to the 
algal beds at night to feed.
Adult Haemulidae, Lutjanidae and other fish species which shelter on the coral reef 
by day, often migrate to the adjacent seagrass beds at night to feed (Starck & Davis 
1966, Weinstein & Heck 1979, Baelde 1990, Blaber et al. 1992). In the present study 
such a migration was not evident and this may be caused by two factors. Firstly, the total 
area of seagrasses in the Spanish Water Bay is relatively small compared to the total 
area of the coral reef. As juvenile fish which live in the bay also feed on the seagrass 
beds at night, migration of adult coral reef fish into the relatively small seagrass beds of 
the bay would increase competition for food and space. Secondly, the mouth of the bay 
is small (85 m wide and max. 6 m deep). The entrance of the bay may hence be more 
difficult to find compared to wide lagoons protected by a barrier with many connections 
to the main reef. The small mouth of the bay probably limits large-scale nocturnal 
migrations from the reef into the bay. Instead, it was observed that the adult Haemulidae 
of the reef appear to, at least partly, use the shallow reef terrace as a feeding site.
CONCLUSIONS
All bay biotopes of the Spanish Water Bay, except the algal beds, showed a strong 
reduction in fish density and species richness at night. This was largely caused by (1) 
diurnally active Acanthuridae, Chaetodontidae, Labridae, Pomacentridae, Scaridae and 
Sparidae which sought shelter at night in biotopes such as the channel, notches and 
boulders, and (2) nocturnally active Haemulidae and Lutjanidae which migrated out of 
their diurnal shelter sites at night towards the seagrass beds, and to a lesser extent also to 
the algal beds, to forage on benthic crustaceans. Diodontidae, on the other hand, 
sheltered in almost all biotopes during daytime but did not show obvious migrations to a 
specific biotope at night. The selection of the seagrass beds as a nocturnal feeding site 
by Haemulidae and Lutjanidae appears to be determined by the presence and abundance 
of their preferred food organisms, viz. Tanaidacea, Copepoda and Mysidacea. Also for 
Diodontidae the nocturnal feeding in almost all biotopes appears to be related to the 
presence of their preferred food, molluscs, in most biotopes.
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Chapter 5
Structure of fish feeding guilds along a gradient 
of bay biotopes and coral reef depth zones
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ABSTRACT: Fish feeding guild structure is a useful method to compare fish 
communities of complex marine ecosystems. Guild structure was determined in four 
coral reef depth zones, viz. the fringing reef at 2, 5, 10, and 15 m depth, and in six 
shallow-water biotopes within a single bay, viz. notches in fossil reef rock, mangroves, 
fossil reef boulders, seagrass beds, algal beds at 2 m depth, algal beds at 5 m depth, and 
the channel. The study was done in an inland bay on the Caribbean island of Curaçao, 
using a visual census technique. The total fish density within the different feeding guilds 
varied considerably among the biotopes, and was in general higher in the reef biotopes 
and in the boulders than in the remaining bay biotopes. Cluster analysis revealed that for 
guild structure based on fish densities the dissimilarity was largest between the algal 
beds and all other biotopes, followed by between the reef depth zones and other bay 
biotopes (notches, mangroves, seagrass beds, channel). Also the species composition of 
the guilds differed considerably among the different biotopes. The species richness 
within the different guilds showed much smaller differences among the biotopes, but 
were generally somewhat higher in the reef biotopes. Cluster analysis on guild structure 
based on fish species richness showed a low dissimilarity among the different biotopes. 
The coral reef was dominated by omnivores and zooplanktivores, and the bay was 
dominated by zoobenthivores and herbivores. Differences in guild structure between the 
bay and the adjacent reef are likely explained by food availability.
INTRODUCTION
Coral reefs are complex marine ecosystems which can contain a high abundance and 
diversity of fish species. The abundance and species richness may vary according to the 
geographical area and the morphology of the reef (Sale 1991). An insight into the 
variability in fish community structure in different reef environments and the underlying 
processes is important for a better understanding of the ecology of reef fishes. Trophic 
structure seems a useful characteristic to compare fish communities of different reefs 
(Parrish 1989). Fish feeding guilds have been used to divide fish communities into 
functional groups. The concept of fish feeding guilds is relatively new and the proposed 
guilds are still not well established (Gerking 1994).
Most studies have focussed on guild structure of fish communities on coral reefs 
(e.g. Parrish & Zimmerman 1977, Gladfelter & Gladfelter 1978, Gladfelter et al. 1980, 
Williams & Hatcher 1983). Only some studies deal with the guild structure of fish 
communities in estuaries (Blaber 1980, and references therein), but non-estuarine bays 
and lagoons have received almost no attention. Hence, little is known of the differences 
in fish feeding guild structure between bays and their adjacent coral reef, and of what 
bays have to offer for different types of fish feeding guilds.
Bays and lagoons can contain a wide variety of shallow-water biotopes such as 
mangroves, seagrass beds, channel, sand flats, algal beds, patch reefs, etc. In the 
Caribbean, several of these shallow-water biotopes are important nursery areas for a 
variety of coral reef fish species (Parrish 1989, Nagelkerken et al. 2000b, c). Almost no 
data are available, however, on the structure of feeding guilds in these shallow-water bay 
biotopes. It is not known whether the fish feeding guild structure varies among these
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biotopes or whether the different bay biotopes are similar in trophic structure and 
function together as one trophic system in the bay.
On the coral reef, guild structure can vary along depth gradients on the reef 
(Thresher & Colin 1986), between different reef habitats (Goldman & Talbot 1976, 
Williams & Hatcher 1983), and between reefs of different regions (Gladfelter et al. 
1980). In several of these studies, the differences in guild structure were suggested to be 
attributable to differences in food availability. Since shallow-water biotopes in bays 
show variation in food availability (Nagelkerken et al. 2000a), differences in guild 
structure would be expected. However, fish densities are also related to the structural 
complexity of bay biotopes (Nagelkerken et al. 2000b), and hence differences in habitat 
characteristics may also influence the guild structure in these biotopes.
In the present study, the fish feeding guild structure was determined along a gradient 
of seven different bay biotopes, viz. notches in fossil reef rock, mangroves, fossil reef 
boulders, seagrass beds, algal beds at 2 m depth, algal beds at 5 m depth, and channel, 
and along a gradient of four different reef zones, viz. the adjacent fringing reef at 2, 5, 
10, and 15 m depth. Data were collected with the same methodology in all biotopes. The 
objective of the present study was determine the fish feeding guild structure of eleven 
different but associated shallow-water coastal biotopes.
MATERIALS AND METHODS
Study area. The study was carried out in Spanish Water Bay, Curaçao, Netherlands 
Antilles (Fig. 1). The mouth of this sheltered bay is situated on the leeward coast of the 
island. The bay is connected to the sea by a relatively long (1.1 km) and deep channel 
which continues into the central part of the bay. Apart from the channel, the bay is 
relatively shallow (depths < 6 m). The average daily tidal range is 30 cm (de Haan & 
Zaneveld 1959). Mean (± SD) water temperature and salinity during the study period 
(November 1997 to August 1998) at the 12 study sites in the bay were 28.3 ± 0.2°C and 
35.4 ± 0.2%o, respectively, and on the reef just outside the bay they measured 27.5 ± 
1.2°C and 35.0 ± 0.2%, respectively. The bay has relatively clear water with an average 
horizontal Secchi disk visibility of 6.2 ± 2.1 m. The mean visibility on the reef just 
outside the bay measured 17.5 ± 4.6 m.
A pre-study survey in the Spanish Water Bay revealed seven main biotopes. In a 
depth-gradient from the shore to the deeper parts of the bay these are: notches in fossil 
reef rock, mangroves, fossil reef boulders, seagrass beds, algal beds at 2 m depth, algal 
beds at 5 m depth, and the channel (Fig. 1). On the adjacent coral reef, depth zones of 2, 
5, 10, and 15 m were distinguished. All bay biotopes, except the notches and boulders, 
contained a muddy substratum, whereas the substratum on the reef was sandy. Data were 
collected in each of the 11 biotopes.
The shore on the southern part of the bay largely consists of a fossil reef terrace (up 
to 3 m high) which partly extends into the water. At and under the water line, 
biochemical solution has formed notches in the fossil reef terrace (de Buisonjé &
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Fig. 1. Map of the Spanish Water Bay showing the location of the study sites (1 to 
12). The algal beds generally cover the area between the seagrass beds and the 
channel (located at the 1 0  m isobath); the boulders are located directly in front of the 
fossil reef terrace.
Zonneveld 1960), approximately 0.5 ± 0.2 m deep and cut into the reef terrace about 
0.8 ± 0.3 m. The notches are shaded by the reef terrace material above and are only 
sparsely covered by algae. Small to medium-sized rocks are often located just in front of 
the notches.
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Rhizophora mangle (red mangrove) is found along a large part of the shoreline of the 
bay. The mangrove stands studied were on average 27 ± 11 m long (i.e. distance along 
the shore) and 1.4 ± 0.5 m wide (i.e. from the outer mangrove-fringe to the shoreline), 
and the water depth under the mangroves was on average 0.8 ± 0.2 m.
Massive boulders which have broken off the fossil reef terrace and tumbled into the 
water, are regularly found at distances of 0.5 to 2 m in front of the reef terrace, often 
partly extending above the water level. The mean circumference of the selected boulders 
measured 7.7 ± 3.1 m and the mean water depth was 0.6 ± 0.2 m. Just above the bottom, 
the boulders mostly contain shallow cracks and holes, measuring 0.13 ± 0.09 m in 
height, and their full extent was along 30 ± 26% of the total circumference of the 
boulder. The rocky surface of the boulders is covered with filamentous and small fleshy 
algae.
The shoreline areas of the shallow parts of the bay are dominated by turtle grass 
Thalassia testudinum. Seagrass is found at depths of 40 cm to 3 m, but in the turbid 
areas of the bay it extends only to about 1.5 m depth. Mean seagrass cover was 81 ± 
12%. Height of the seagrass was 22 ± 8 cm, and density was 143 ± 66 seagrass plants m­
2.
At depths of 2 to 6 m, where light levels decrease, Thalassia testudinum is almost 
completely replaced by macroalgal species such as Halimeda opuntia, H. incrassata, 
Cladophora sp. and Caulerpa verticillata (Kuenen & Debrot 1995). The density, areal 
cover and elevation of the algae is very low, and the algal beds do not provide much 
shelter for fishes.
A channel (11 to 18 m deep) runs from the mouth to the central parts of the bay. The 
slopes of the channel are covered with small and large fossil reef rocks which are almost 
completely overgrown by filamentous algae. The rocks in the channel contain relatively 
few crevices. The soft bottom of the channel is almost completely devoid of vegetation.
The fringing coral reef extends along the entire south-western coast of the island. 
From the shore, a submarine terrace gradually slopes to a ‘drop-off at approximately 7 
to 11 m depth. At the drop-off, the reef slopes off steeply, sometimes interrupted by a 
small terrace at 50 to 60 m, and ends in a sandy plain at 80 to 90 m (Bak 1975). For a 
detailed description of the reef structure and distribution of corals on the reefs of 
Curaçao see Bak (1975). The reef at 2 m depth had a very low coral cover, and the 
substratum consisted mainly of sediment and rubble. The reef at 5 m depth contained 
stony as well as soft corals. The reefs at 2 and 5 m were both located on the reef terrace, 
whereas the reef at 10 m was located on the drop-off and the reef of 15 m on the fore­
reef slope.
Study design. Twelve study sites in the Spanish Water Bay (Fig. 1), and five sites on 
a 12 km long tract of the coral reef in front of the bay were selected. For each bay 
biotope four replicate transects were randomly selected at each study site. All transects 
in all biotopes were surveyed during daytime: once during November 1997 to March 
1998 and once during August 1998. In addition, the seagrass beds and mangroves were 
surveyed a third time during August 1998.
Data sampling of the fish community was done using visual census in belt transects. 
The advantages of this technique are that it is rapid, non-destructive, inexpensive, can be
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used for all selected biotopes, the same areas can be resurveyed through time, and the 
results can be compared with many other studies (English et al. 1994). Disadvantages 
are the differences in accuracy in estimation of fish abundance by the observers, and 
fishes may be attracted or scared off by the observers (English et al. 1994). In the 
present study, mainly Sparisoma chrysopterum and S. rubripinne were easily scared off 
in the bay biotopes and may have been underestimated. Species identification and 
quantification of fishes were first thoroughly practised by the three observers. Because 
most fish remained more or less in the same area, the observer effect on estimates of fish 
abundance is expected to be relatively small in most bay biotopes. Estimation of fish 
abundance only presented some difficulty during daytime in the mangroves, because 
grunts and snappers continuously moved in-between the prop-roots. However, after 
extensive practise the visual census could be done with reasonable accuracy in the 
mangroves. Also on the coral reef, fish movement was high for some species, and here 
the observer effect in estimation of fish abundance (especially parrotfishes) is thought to 
be much larger than in the bay biotopes.
The transects on the seagrass beds, algal beds and coral reef measured 3 x 50 m. In 
the channel they measured 3 x 25 m, because of the smaller area of this biotope. Isolated 
stands of mangrove were selected and surveyed completely. The band of mangroves 
fringing the shoreline was narrow (up to a maximum of 2 m), permitting a complete and 
accurate census. Isolated fossil reef boulders were also surveyed completely, and the 
mean area surveyed was 3.5 m2. The notches in the fossil reef rock are continuous and 
were studied at each site in four 25 m long sections.
The transects were marked by a fine rope, placed at least 30 min before the survey 
began in order to minimise disturbance effects. SCUBA-gear was used on the algal beds 
at 5 m depth, in the channel, and on the coral reef. Snorkeling gear was used during all 
other visual surveys. During each survey, individuals of all fish species were counted, 
except very small or cryptic fish species (gobies, blennies, cardinalfishes) and small 
species of the pelagic water column forming large schools (silversides, scads, herrings, 
anchovies). Most of the fishes in the Spanish Water Bay were juveniles of reef fish 
species which used the bay as a nursery area.
All fishes counted in the transects (93,311 specimens) were assigned to one of six 
different feeding guilds, following Jones et al. (1991): herbivores (mainly feeding on 
plant material), zoobenthivores (mainly feeding on benthic invertebrates), 
zooplanktivores (mainly feeding on zooplankton), piscivores (mainly feeding on fish), 
and omnivores (feeding on plant as well as animal material). Fishes may show 
ontogenetic differences in food utilisation, or differences in food utilisation according to 
food availability (Livingston 1982). Therefore, for the common fish species and size 
classes in the Spanish Water Bay, assignment to a guild was based on extensive diet 
analyses. For rare fish species, for which insufficient specimens could be obtained, 
composition of diet was adopted from Randall (1967) and Carr & Adams (1973).
Aside from the comparison among the different biotopes, guild structure is also 
compared between the entire reef (i.e. all depth zones pooled) and the entire bay (i.e.
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all biotopes pooled). As the total surface area in the bay was different for each biotope, 
bay biotopes were pooled by total number of fishes instead of fish density. This was 
done, for each guild, by multiplying the mean fish density in each biotope with the total 
surface area of that biotope (i.e. not transect area but total biotope area in the entire 
bay). For each guild, the total fish abundances in the different biotopes were then pooled 
and divided by the total surface area of all biotopes in the bay, resulting in an estimate of 
the total fish density over the complete bay. The total area of the seagrass beds (418047 
m2) and algal beds (2346616 m2) was calculated from a map. The total area of the 
mangroves (10458 m2) and notches (2959 m2) was calculated by measuring their total 
length along the shoreline of the bay from a map, and by multiplying this with their 
mean width. For the channel (68431 m2) the total length in the central part of the bay 
and in the narrow entrance to the reef was calculated from a map, and multiplied with 
the width of the channel slope (approximately 7 and 14 m, respectively). It should be 
noted here that the total number of individuals for the channel refers specifically to the 
steep slopes of the channel, and not to the flat muddy area at the bottom of the
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channel. The latter could not be investigated reliably by visual census as a result of poor 
visibility, but a rapid survey showed much lower fish abundances than on the rocky 
slopes. For the boulders (210 m2), the total number of boulders was multiplied by their 
mean surface area underwater.
Cluster analysis was carried out on log transformed data of density and of species 
richness for fish feeding guilds in the different biotopes, using the computer programme 
CLUSTAN1C2 (Wishart 1978). The average-linkage method (Sokal & Michener 1958) 
was used in combination with the Bray-Curtis coefficient.
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RESULTS 
Comparison of guilds between biotopes
Densities of herbivores were higher on the entire coral reef than in the entire bay, 
although for the species richness this difference was smaller (Fig. 2). The distribution of 
the mainly diurnally active herbivores differed considerably in the different biotopes, 
and was highest in biotopes containing rocks/corals, viz. the channel, boulders, and the 
different reef zones (Fig. 3). On the reef their density decreased with depth. Species 
richness was highest on the reef and in the seagrass beds.
Zoobenthivores were much more abundant on the entire reef than in the entire bay, 
but for species richness the difference was very small (Fig. 2). Density of 
zoobenthivores was highest in the structurally complex mangroves and boulders, 
intermediate in the different reef zones, and lowest in the other bay biotopes (Fig. 4).
Structure of fish feeding guilds in bay and reef biotopes 99
®®
220 q 
200  ^
180  ^
160  ^
140 
120 
100 
80 
60 
40 
20 i 
0
oS-Su
uoa
Fig. 5. Total 
density (a) and 
species
richness (b) of 
zooplanktivores 
in the different 
bay and reef 
biotopes. White 
bars refer to 
diurnally active 
fishes, black 
bars to
nocturnally 
active fishes
On the reef a small decrease in density was observed with increasing depth. Species 
richness was high compared to the other guilds and both diurnally and nocturnally active 
fish species were important. Compared to the bay biotopes species richness was only 
somewhat higher in the reef biotopes, except in the algal beds where it was much lower.
Zooplanktivores were almost absent from the bay but abundant on the coral reef 
(Fig. 2). Only at the boulders their density was high in the bay (Fig. 5). Also species 
richness showed a large difference between the bay biotopes and reef zones.
Piscivores were characterised by a low density, but species richness was comparable 
to other feeding guilds (Fig. 2). Piscivores were more abundant on the entire reef than in 
the entire bay, but for the individual biotopes densities were higher in the notches, 
mangroves and boulders than in the different reef zones (Fig. 6). On the reef the density 
of piscivores increased with depth. Species richness was higher on the reefs of 5 to 15 m 
than in the bay biotopes.
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Similar to zooplanktivores, omnivores were very abundant on the reef but showed 
very low densities in the bay (Fig. 2). Only at the boulders the density of piscivores was 
high (Fig. 7). Species richness, however, was only partly lower in the bay biotopes 
compared to the reef zones.
Cluster analysis showed that the largest dissimilarity in distribution of guilds, based 
on fish densities, was between the algal beds (with very low fish densities) and all other 
biotopes (Fig. 8a). The second largest dissimilarity was observed between the other bay 
biotopes (notches, mangroves, seagrass beds, channel) and the reef biotopes (with higher 
fish densities). The boulders, with high fish densities, showed more similarity to the reef 
biotopes than to the bay biotopes. Guild structure based on species richness, however, 
showed a much lower dissimilarity between the different biotopes (Fig. 8b). Also in this 
case did the algal beds show the highest dissimilarity with all other biotopes. Although 
differences in species richness within guilds were not large
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among biotopes, the species composition within guilds differed considerably among the 
different bay biotopes, and between the bay and the reef biotopes (Table 1).
Comparison o f guilds w ithin biotopes
The entire reef was dominated by omnivores (mainly Stegastes spp.) and 
zooplanktivores (mainly Chromis spp. and Thalassoma bifasciatum), whereas the entire 
bay was dominated by herbivores (mainly Scarus iserti) and zoobenthivores (mainly 
Haemulon flavolineatum) (Fig. 9a, 9b, Table 1). The predominance of omnivores and 
zooplanktivores as observed for the entire reef was also seen for each reef biotope 
separately (Fig. 10a). In the bay, however, the predominance of herbivores and 
zoobenthivores as observed for the entire bay, was not nicely reflected in all individual 
bay biotopes, and showed a much higher variability in guild structure and fish 
community structure (Fig. 10a, Table 1). The proportion of herbivores was only
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within fish feeding 
guilds in the 
different bay and 
reef biotopes
high in the seagrass beds and channel, whereas the proportion of zoobenthivores was 
low in the algal beds at 5 m and the channel. Omnivores were relatively abundant in the 
notches and algal beds at 2 m, and the proportion of piscivores was high in the algal 
beds at 5 m.
Guild structure based on species richness, did not vary much between the entire reef 
and the entire bay (Fig. 9c, 9d), nor among the different reef and bay biotopes (Fig. 
10b). For the different reef and bay biotopes, the range in relative abundance of species 
within the different guilds was (Fig. 10b): zoobenthivores (36 to 54%), herbivores (17 to 
27%), piscivores (5 to 18%), zooplanktivores (3 to 16%), omnivores (13 to 18%). The 
increase in species richness with increasing density along the gradient of associated 
biotopes varied among the different guilds and was highest for zoobenthivores, followed 
by piscivores, herbivores, omnivores, and zooplanktivores (Fig. 11).
Based on fish density, the entire reef consisted mainly of diurnally active fish (98%), 
whereas the entire bay consisted for an important part of nocturnally active fish
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(41%). Based on species richness, however, the proportion of diurnally active species 
was similar between the entire reef and bay (77 vs. 70%).
The different biotopes of the Spanish Water Bay and the adjacent coral reef differ in 
composition of fish feeding guilds. Differences are largest between the algal beds and all 
other biotopes, followed by between the reef biotopes and other bay biotopes. On the 
reef, zooplanktivores and omnivores dominated over other guild types. For 
zooplanktivores, planktonic feeding is probably more efficient on the coral reef than in 
the bay, because of a continuously moving current on the reef which supplies planktonic 
organisms (Goldman & Talbot 1976, Gladfelter et al. 1980). Furthermore, the water 
column on the reef is higher than in the shallow bay biotopes resulting in a larger three­
dimensional feeding area. Omnivores were mainly represented by Pomacentridae, which 
partly feed on zooplankton and hide in small coral crevices or between coral rubble. 
Limited plankton and shelter (rocky substratum) availability in the bay may explain their 
lower proportion in the bay compared to the reef.
The Spanish Water Bay contained a high proportion of zoobenthivores and 
herbivores with respect to total fish density as calculated for the entire bay. Goldman & 
Talbot (1976) also found a high proportion of benthic invertebrate feeders, and a low 
proportion of planktivores, in a lagoon of a Pacific atoll. The high proportion of 
zoobenthivores in the bay is likely explained by the high density of macro-invertebrates
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T able 1. Density (100 m-2) of the most abundant fish species of the different feeding guilds in the 
different bay and reef biotopes and on the entire reef and bay. D = day, N = night
Activity Entire Entire Notches Mangroves Boulders
period reef bay
H erbivores
Acanthurus chirurgus D 0.3 3.2 47.6
Chaetodon capistratus D 0.4 8.5
M ugil curema D
Scarus iserti D 3.0 81.6
Zoobenthivores
Eucinostomus spp. D 0.4
Gerres cinereus D 14.4
Haemulon chrysargyreum N 39.8
Haemulon flavolineatum N 2.9 17.4 89.4 420.7
Haemulon parrai N 9.4
Haemulon sciurus N 0.4 22.9 55.9
Halichoeres bivittatus D 12.4 0.2
Halichoeres garnoti D 18.3
Halichoeres maculipinna D 10.7
Lutjanus apodus N 10.6 24.5 167.4
Lutjanus griseus N 0.4
Zooplanktivores
Chromis cyanea D 35.6
Chromis multilineata D 20.1
Ocyurus chrysurus N 0.5
Thalassoma bifasciatum D 82.0 8.2 91.8
Omnivores
Abudefduf saxatilis D 65.6
Archosargus rhomboidalis D 0.5
Stegastes diencaeus D 15.9
Stegastes dorsopunicans D 16.1 127.8
Stegastes leucostictus D 9.2
Stegastes partitus D 157.0
Stegastes planifrons D 16.8
Stegastes variabilis D 9.4
Summed density 368.8 8.9 74.1 169.1 1098.1
%  of total fish density 83.5 80.7 79.3 81.9 80.4
in the soft bottom of the seagrass and algal beds (Nagelkerken et al. 2000a), which 
together cover more than 95% of the total bay area. The zoobenthivores were mainly 
represented by juvenile Haemulidae and Lutjanidae, which utilise the bay biotopes as 
nurseries and feeding areas (Nagelkerken et al. 2000a, b). The high proportion of
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Table 1. Continued
herbivores in the bay is likely explained by the high abundance of algae and seagrasses 
in the bay. Seagrass is found along a large part of the shore of the bay, whereas 
especially filamentous and fleshy macro-algae are abundant in most bay biotopes as a
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Fig. 10. Relative abundance of the different feeding guilds in the different bay and reef 
biotopes based on (a) fish density and (b) species richness
result of the elevated nutrient concentrations, which are typical for seagrass and 
mangrove dominated lagoons and bays (Ogden & Gladfelter 1983).
In contrast to the large variation in guild structure based on fish density, the 
proportion of species within the different feeding guilds was very similar for the
0
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F i). 11. Total species richness as a function of total fish density in the different 
biotopes for the different feeding guilds. Fitted regression lines (Y = a*Ln(X) + 
b) are shown with the R2 -values. The boulders were not included in the analysis 
because of the extremely high fish densities caused by the very low surface area 
of the boulders
different reef and bay biotopes. This shows that even though habitat characteristics and 
fish densities vary among the biotopes, the species ratio between the different guilds is a 
relatively constant variable within different biotopes. The range of proportions of fish 
species within the different guilds in the present study is very comparable to the range 
observed in other studies in various parts of the world (see Table 1 of Jones et al. 1991).
Total fish densities within feeding guilds were much lower in the entire Spanish 
Water Bay than on the entire adjacent reef. With some exceptions, this pattern was also 
observed for the individual bay and reef biotopes. Exceptions were the boulders which 
had higher fish densities within the guilds than the reef, but this is caused by fish 
schooling in a very small surface area around the boulders. Also the density of 
zoobenthivores in the mangroves was higher than on the reef, which is caused by 
schools of juvenile Haemulidae and Lutjanidae seeking shelter in this nursery biotope 
(Nagelkerken et al. 2000b). Densities of herbivores in the channel were as high as on the 
coral reef, which may be related to the high availability of algae on the rocks in the 
channel. Finally, piscivores were more abundant in the notches and mangroves than on 
the reef, and were represented by species (e.g. barracudas, jacks, needlefishes, 
trumpetfishes) foraging on small fish species of the pelagic water column (e.g. 
silversides, herrings, anchovies), which school and seek shelter in the shade provided by 
these two biotopes.
Total species richness was only somewhat lower in the bay biotopes than in the reef 
biotopes. This shows that the different bay biotopes have a relatively rich fish fauna 
even though the fish densities within the guilds are much lower than on the coral reef.
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Only zooplanktivores showed a much lower species richness in the bay biotopes 
compared to the reef biotopes.
Most feeding guilds were represented by diurnally active fish species. Only 
zoobenthivores showed a high proportion of nocturnally active species in all bay and 
reef biotopes. This pattern may be explained by the fact that most benthic invertebrates 
(mainly crustaceans) on which zoobenthivores feed mainly emerge at night (Starck & 
Davis 1966).
Over a depth range of 2 to 15 m, herbivores and zoobenthivores showed a decrease 
in density with depth, whereas the piscivores and omnivores an increase with depth. A 
similar pattern was observed for the former three feeding guilds by Thresher & Colin 
(1986), although this was measured over a depth gradient of 30 to 200 m. As a result of 
the decrease in light, algal cover decreases with depth which may explain the decrease 
of herbivores.
In conclusion, the fish feeding guild structure based on fish densities showed the 
highest dissimilarity between the algal beds and all other biotopes, and between the reef 
biotopes and other bay biotopes, whereas guild structure based on fish species richness 
showed a much lower dissimilarity among the biotopes. The reef was dominated by 
omnivores and zooplanktivores, and the bay was dominated by zoobenthivores and 
herbivores. Differences in guild structure between the bay and the adjacent reef are 
likely explained by food availability.
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Chapter 6
Are mangroves and seagrass beds obligate or 
facultative nurseries for Caribbean reef fishes? 
A comparison of fish faunas between bays 
with and without mangroves/seagrass beds
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ABSTRACT: Mangroves and seagrass beds are considered important nursery biotopes 
for coral reef fishes, but it is not known whether these biotopes are obligate or 
facultative nurseries. The fish fauna of 11 different inland bays of the Caribbean island 
of Curaçao containing four different biotope types were mutually compared: seagrass 
beds in bays containing mangroves, seagrass beds in bays lacking mangroves, mud flats 
in bays containing mangroves and seagrass beds, and mud flats in bays lacking 
mangroves and seagrass beds. Fish species using mangroves and seagrass beds as 
nurseries (nursery species) showed highest abundance and species richness on the 
seagrass beds, and on the mud flats near mangroves and seagrass beds, but were almost 
absent from the bare mud flats. The high abundance and species richness on the mud 
flats near to nursery biotopes is likely explained by fishes migrating from the adjacent 
mangroves and/or seagrass beds to the mud flats. Seagrass beds adjacent to mangroves 
showed a higher species richness of nursery species than bare seagrass beds, suggesting 
an interaction with the mangroves resulting in an enhancement of species richness. 
Mutual comparison of fish densities from the four different biotope types suggests that 
for the nursery species, mangroves and seagrass beds are obligate nursery biotopes for 
Ocyurus chrysurus and Scarus iserti, seagrass beds are obligate nurseries for Haemulon 
parrai, H. sciurus, Lutjanus apodus, L. griseus, Sparisoma chrysopterum and 
Sphyraena barracuda, mud flats near mangroves/seagrass beds are obligate biotopes for 
L. analis, and mangroves and/or seagrass beds are facultative nurseries for Chaetodon 
capistratus, Gerres cinereus, H. flavolineatum, and L. mahogoni.
INTRODUCTION
Many studies in various parts of the world have recognised the importance of 
mangroves and seagrass beds as nurseries for reef fishes (see reviews by Pollard 1984, 
Parrish 1989, Robertson & Blaber 1992). Several hypotheses have been proposed to 
explain the high abundance of (juvenile) fishes in these biotopes, and are based on 
avoidance of predators, the abundance of food, and interception of fish larvae. They 
include the following: (1) the structural complexity of these biotopes provide excellent 
shelter against predators (Parrish 1989, Robertson & Blaber 1992, Nagelkerken et al. 
2000b), (2) these biotopes are often located at a distance from the coral reef or from off­
shore waters and are therefore less frequented by predators (Shulman 1985, Parrish 
1989), (3) the relatively turbid water of the lagoons and estuaries decrease the foraging 
efficiency of predators (Blaber & Blaber 1980, Robertson & Blaber 1992), (4) these 
biotopes provide a great abundance of food for fishes (Odum & Heald 1972, Carr & 
Adams 1973, Nagelkerken et al. 2000a), (5) these biotopes often cover extensive areas 
and may intercept planktonic fish larvae more effectively than the coral reef (Parrish 
1989).
Many studies have been done on the fish community structure of either mangroves or 
seagrass beds (Pollard 1984, Birkeland 1985, Parrish 1989, Robertson & Blaber 1992). 
Few studies have tried to compare these two biotopes simultaneously (e.g. Sheridan 
1992, van der Velde et al. 1992, Sedberry & Carter 1993) and some studies used 
different methodologies to make a comparison (e.g. Thayer et al. 1987). Once juvenile
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fish outgrow the protection provided by these biotopes they migrate to the coral reef or 
off-shore water, but quantitative data on this ontogenetic shift is lacking (Ogden & 
Ehrlich 1977, Weinstein & Heck 1979, Rooker & Dennis 1991). Hence, the linkages of 
fishes between the mangroves, seagrass beds and the adjacent coral reef remain largely 
unknown (Ogden & Gladfelter 1983, Birkeland 1985).
Some qualitative descriptions on the ontogenetic shifts of fishes between mangroves, 
seagrass beds and the adjacent coral reef have been made by Heald & Odum (1970) and 
Rooker & Dennis (1991). Only recently, quantitative size-frequency data have been 
provided on these ontogenetic shifts for selected Caribbean reef fish species 
(Nagelkerken et al. 2000c), using a single methodology. Studies were also done to 
investigate the linkages of fish faunas among six different shallow-water bay biotopes 
and the adjacent coral reef (Nagelkerken et al. 2000a, b). From these studies it has been 
established that at least 17 different reef fishes species utilise mangroves, seagrass beds, 
and other shallow-water bay biotopes as nurseries during the juvenile part of their life 
cycle.
Although more knowledge has recently been gained on the interlinkages of fish 
faunas between mangroves, seagrass beds and the adjacent coral reef, the question 
remains whether mangroves and seagrass beds are obligate or facultative nurseries for 
juvenile reef fishes. Do reef fishes utilise bays or lagoons containing mangroves and 
seagrass beds as nurseries just because of the abundance of food and the reduced 
predation pressure, or do they also depend on the shelter or other advantages provided 
specifically by mangroves and seagrass beds? Theoretically, one method to test this 
would be to remove all mangroves and seagrass beds from a bay and study the effects on 
the existing juvenile reef fish population in the bay and the degree of new recruitment of 
juveniles into the bay. This is a very destructive method, however, which is 
unacceptable since these biotopes are diminishing fast, world-wide (Spalding 1998).
An indirect method to test the dependence of juvenile reef fishes on mangroves and 
seagrass beds would be to compare different types of bays located in the same 
geographic area using a single survey methodology. Such a comparison should be 
focussed on different combinations of bays with absence/presence of mangroves and 
seagrass beds (Parrish 1989). Hardly any studies exist in the Caribbean, however, which 
have studied the fish community of mangroves and seagrass beds in more than one bay 
or lagoon of a single island/country. Comparison between different studies is difficult as 
a result of differences in fishing technique, season of the year in which the studies were 
done, geographic locality, environmental variables, and geomorphology of the bays and 
lagoons.
The Caribbean island of Curaçao which contains 15 different inland bays provides 
an excellent opportunity to study different combinations of bays with absence/presence 
of mangroves and seagrass beds, such as described above. In the present study, fish 
faunas of inland bays containing only seagrass beds, bays containing seagrass beds as 
well as mangroves, and bays lacking mangroves and seagrass beds were compared for 
one island, with the same survey methodology, and carried out within a time span of
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Fig. 1. Map of Curaçao showing the different bays
three months. The objective of this study was to establish the degree of dependence of 
fishes on mangroves and seagrass beds.
MATERIALS AND METHODS
Sampling design. The fish community of seagrass beds and mud flats of 11 inland 
bays was sampled during daytime on the island of Curaçao, Netherlands Antilles (Fig. 
1). The seagrass beds and mud flats of the different bays were assigned to one of four 
different biotope types: 1) seagrass beds in bays containing mangroves, 2) seagrass beds 
in bays lacking mangroves, 3) mud flats in bays containing mangroves and seagrass 
beds, and 4) mud flats in bays lacking mangroves and seagrass beds (Table 1). 
Hereafter, biotope type 1 is referred to as seagrass beds (+m), type 2 as seagrass beds 
(-), type 3 as mud flats (+m+s), and type 4 as mud flats (-), respectively.
The seagrass beds consist of monospecific stands of turtle grass Thalassia 
testudinum, except in Piscadera Bay where they consist of manatee grass Syringodium 
filiforme. Mean seagrass (Thalassia) density ranged from 236 to 690 seagrasses per m2, 
seagrass height from 8 to 17 cm, and seagrass cover from 55 to 89% (Table 1). Mud 
flats had some cover of fleshy algae ranging from 4 to 37%, but showed no presence of 
seagrass.
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T able 1. Sampling regime, environmental variables and biotope characteristics of the seagrass 
beds and mud flats of the four biotope types
No. of sites 
sampled
Mangroves
present
Seagrass
present
Maximum 
sampling 
depth (m)
Salinity
(%o)
Seagrass beds (+m)
1. Spanish Water Bay 6 + + 2.0 35.7
2. St. Joris Bay 5 + + 1.2 33.8
3. Fuik Bay 3 + + 1.7 33.9
4. Piscadera Bay 3 + + 1.5 33.1
Seagrass beds (-)
5. Awa di Oostpunt 3 - + 1.0 33.3
6. Boka Ascencion 2 - + 0.6 34.7
7. Bartol Bay 1 - + 0.5 35.5
Mud flats (+m+s)
8. St. Joris Bay 5 + + 1.8 33.8
9. Piscadera Bay 3 + + 1.8 32.9
10. Playa Grandi 2 + + 1.5 34.9
Mud flats (-)
11. San Juan Bay 4 - - 1.3 34.1
12. Salina St. Michiel 4 - - 0.9 47.8
13. Sta. Martha Bay 4 - - 2.0 34.7
The fish community of the different seagrass beds and mud flats was sampled with a 
beach seine, since most bays were too turbid for the use of visual census. The beach 
seine is less selective for fish species than a variety of other collecting gear, but the 
disadvantage of the beach seine is that it may ride up over dense seagrass beds (English 
et al. 1994). The latter was also observed during the present study, and resulted in an 
underestimation in abundance of some fish species. These species dive in-between the 
seagrasses when the net approaches and shelter there until the net passes over. On the 
mud flats this problem does not occur, since the iron chain at the underside of the net 
ploughs trough the mud, making it difficult for fishes to escape at the underside of the 
net. To quantify the degree of selection of the beach seine in the seagrass beds, a total of 
nine visual censuses were done at three seagrass sites in the Spanish Water Bay and 
compared with nine beach seine hauls at the same sites. Spanish Water Bay was selected 
as this was one of the few bays with sufficient visibility for visual censuses. Another 
problem of the beach seine is that very small fishes are not caught because they can pass 
through the mazes of the net.
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T able 1. Continued
Temperature
(0C)
Water
clarity
(m)
Seagrass
density
(m-2)
Seagrass
height
(cm)
Seagrass
cover
(%)
Algal
cover
(%)
Mud
cover
(%)
30.3 3.6 279 17.2 67.1 10.8 22.1
30.5 1.7 276 12.0 66.9 10.2 22.9
30.8 3.7 246 7.7 62.9 12.8 24.3
29.6 0.9 - 39.1 100.0 0.0 0.0
31.9 5.5 690 11.4 89.0 0.0 11.0
29.9 2.1 473 9.6 75.5 0.0 24.5
29.9 0.4 236 9.8 55.0 7.0 38.0
30.4 1.3 0 0.0 0.0 11.8 88.2
29.7 1.0 0 0.0 0.0 15.6 84.4
30.1 1.1 0 0.0 0.0 36.5 63.5
29.7 0.6 0 0.0 0.0 0.0 100.0
31.2 0.7 0 0.0 0.0 0.0 100.0
30.0 0.7 0 0.0 0.0 3.5 96.5
The beach seine measured 30 m in length and 1.8 m in height, and had a mesh size of 
1 cm (stretched). An iron chain and lead weights were attached to the underside of the 
net to keep the net on the bottom along its entire length. During each haul, the beach 
seine was laid out from the shore into the water in the form of a semi-circle, and pulled 
ashore. The mean maximum depth at which the biotopes were sampled varied between 
0.5 and 2.0 m (Table 1), and the sampled surface area measured approximately 150 m2 
per haul. All fishes caught were identified and counted in a bin filled with seawater, and 
released afterwards. For each seagrass bed and mud flat one to six sites were sampled 
(Table 1), depending on the size of the bay (see Fig. 1). Each site in each bay was 
sampled three different times during September to November 1999, and all sampling 
was done during daytime
Fish species were divided into three groups (Nagelkerken et al. 2000b): 1) nursery 
species (= reef fishes of which the juveniles use mangroves and seagrass beds in bays as 
nurseries), 2) bay species (= fish species which are relatively abundant in bays and not 
present, or occurring in low abundances on the coral reef), and 3) reef species (= the 
remaining reef fishes of which all life stages are normally found on the coral reef).
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During each survey, water temperature, salinity, and transparency were measured at 
1 m depth. Temperature and salinity were measured using a YSI 30 salinity, 
conductivity, temperature meter, and water transparency was measured as horizontal 
Secchi disk visibility. Cover of Thalassia, macro-algae, and mud, and density and height 
of seagrass were measured once at each site, in six randomly selected quadrats of 50 x 
50 cm. Seagrass density is expressed as the number of seagrasses per m2. Density of 
Syringodium in Piscadera Bay was not measured because this was difficult due to the 
high density and great length of the narrow leaves.
Statistical analysis. The fish data of the different study sites were averaged per bay 
for the different seagrass beds and mud flats. Fish data of the four different biotope 
types were then compared with a nested Anova on log or square root transformed data 
(Sokal & Rohlf 1995), with the three temporal census replicates nested under the 
different seagrass beds and mud flats. The same procedure was followed for comparison 
of the environmental variables. Fish data were compared among the four biotope types 
for total fish abundance and species richness, total abundance and species richness of 
nursery species, bay species and reef species, abundance of each of the 28 most common 
fish species, and for difference in fish density between visuals censuses and beach seine 
hauls. Small species of the pelagic water column forming large schools (Atherinidae, 
Clupeidae, Engraulidae) were excluded from all analyses.
Principal Component Analysis (PCA) was carried out on log-transformed fish 
abundances of the different seagrass beds and mud flats, using the ordination 
programme Canoco 4.0 (ter Braak & Smilauer 1998). Scaling was focussed on inter­
sample distances (similarity in fish community structure among the different seagrass 
beds and mud flats) and on inter-species correlations (correlations between species on 
basis of their abundance in the different seagrass beds and mud flats), species scores 
were divided by the standard deviation, and the data were centred by species.
RESULTS
The four biotope types did not differ significantly in salinity and water temperature 
(Table 1). Only Salina St. Michiel had a significantly higher salinity than the other 
seagrass beds and mud flats (p < 0.001, 1-way Anova). Water clarity was higher on the 
seagrass beds than on the mud flats (p < 0.001, nested Anova), and higher on the mud 
flats (+m+s) than on the mud flats (-) (p < 0.005).
Almost all individuals of the nursery species caught were juvenile fishes (Table 2). 
The adults of these species are not often found in bays and normally live on the coral 
reef and (see Nagelkerken et al. 2000b).
The four biotope types showed a clear difference in fish community structure as 
revealed by PCA (Fig. 2a). The mud flats (+m+s) of Playa Grandi, however, showed 
some similarity to the seagrass beds (+m). The fish community structure of the
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2
118 Chapter 6
Table 2. Mean abundances of the 28 most common (abundance > 0.26 per haul) fish 
species in the four biotope types. P-values refer to statistical comparison (nested Anova) 
between the respective biotope type and the mud flats (-). *: significantly higher (p < 
0.005) than seagrass beds (-), **: significantly higher than seagrass beds
Species
group
Mean size 
± SD (cm)
Category 1: associated with mangroves and seagrass beds
1 Archosargus rhomboidalis, sea bream b 12.6 ± 4.0
2 Chaetodon capistratus, foureye butterflyfish n 5.1 ± 0.7
3 Haemulon flavolineatum , french grunt n 7.9 ± 1.8
4  Hyporhamphus unifasciatus , silverstripe halfbeak b 19.9 ± 0.0
5 Ocyurus chrysurus, yellowtail snapper n 8.8 ± 1.9
6  Scarus iserti , striped parrotfish n 3.8 ± 1.1
Category 2: associated with seagrass beds
7 Diodon holocanthus, balloonfish b 13.6 ± 2.2
8  Haemulon parrai , sailors choice n 12.5 ± 4.9
9 Haemulon sciurus, bluestriped grunt n 11.8 ± 3.2
10 Lutjanus apodus, schoolmaster n 10.0 ± 1.7
11 Lutjanus griseus , gray snapper n 13.4 ± 3.5
12 Lutjanus mahogoni , mahogany snapper n 9.3 ± 0.2
13 Mulloidichthys martinicus, yellow goatfish r 11.8 ± 0.4
14 Sparisoma chrysopterum , redtail parrotfish n 9.1 ± 1.1
15 Sphyraena barracuda , great barracuda n 25.2 ± 4.0
Category 3: association with seagrass beds uncertain
16 Abudefduf saxatilis, sergeant major r 4.6 ± 2.2
17 Acanthurus bahianus, ocean surgeon r 7.3 ± 1.1
18 Haemulon carbonarium , caesar grunt r 8.3 ± 0.0
19 Lactophrys trigonus , trunkfish b 25.2 ± 23.8
Category 4: associated with mud flats - not found on seagrass beds
20 Achirus lineatus, lined sole b 7.1 ± 2.3
21 Albula vulpes, bonefish b 16.0 ± 4.9
22 Cyprinodon variegatus, sheepshead minnow b 2.0 ± 0.0
23 Elops saurus, ladyfish b 19.8 ± 2.1
Category 5: associated with mud flats - also found on seagrass beds
24 Eucinostomus gula , silver jenny b 6.9 ± 0.9
25 Eucinostomus jonesi, slender mojarra b 6.5 ± 1.7
26 Gerres cinereus, yellowfin mojarra b +  n 10.7 ± 5.7
27 Mugil curema , white mullet b 14.0 ± 5.9
Category 6: associated with mud flats near mangroves/seagrass beds
28 Lutjanus analis , mutton snapper n 10.6 ± 1.3
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Table 2 continued. (+m) and seagrass beds (-). Densities (individuals 100 m-2) are shown for the 
visual censuses and beach seine catches on the seagrass beds of Spanish Water Bay, and the p- 
value of their statistical comparison (nested Anova). Mean size refers to the mean of the 13 
different seagrass beds and mud flats. b: bay species, n: nursery species, r: reef species
Seagrass 
beds (+m) p
M ud flats
(+m+s) p
Seagrass 
beds (-) p
M ud flats
(-)
Visual
census
Beach
seine p
0.6* 0.2 0.0 0.1 3.0 0.2 0.000
0.9* 0.000 0.4 0.035 0.1 0.0 0.1 0.3
2.4* 0.000 0.8 0.022 0.0 0.0 7.2 2.8 0.010
0.6 0.0 0.0 0.0 - -
2.7* 0.000 1.0 0.003 0.3 0.0 2.4 4.0
0.3 0.2 0.0 0.0 0.8 0.0 0.029
0.4 0.012 0.2 0.3 0.0 0.1 0.4
0.1 0.0 0.9 0.026 0.0 - -
1.2 0.004 0.3 0.3 0.0 1.6 1.2
1.6 1.6 5.1 0.000 0.4 0.2 0.0
0.3 0.3 0.4 0.1 0.4 0.0 0.021
0.1 1.3 0.000 0.3 0.0 - -
0.3 0.0 1.1 0.0 0.2 0.6
0.3 0.4 0.9 0.045 0.0 - -
0.7 0.005 0.5 0.4 0.1 0.0 0.4
0.0 0.0 0.4 0.0 - -
0.0 0.0 0.5 0.0 - -
0.0 0.0 0.7 0.000 0.0 - -
0.0 0.0 0.4 0.000 0.0 - -
0.0 0.000 0.3 0.000 0.0 0.000 2.0 - -
0.0 0.007 0.0 0.046 0.0 0.011 0.3 - -
0.0 0.0 0.0 3.3 - -
0.0 0.000 0.0 0.000 0.0 0.000 0.3 - -
1.8 2.7 0.2 0.004 2.2 1.3 0.5
2.8 0.043 11.2** 1.3 0.001 6.0** 1.8 2.2
1.0 0.000 1.1 0.000 0.6 0.000 7.5 0.8 0.3
0.0 0.004 3.5** 0.1 0.016 1.8** - -
0.5 1.5** 0.027 0.4 0.3 - -
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Syringodium filiforme beds in Piscadera Bay showed a high similarity with that of the 
Thalassia testudinum beds (+m).
The four biotope types also differed in fish abundance and species richness (Fig. 3). 
Total fish abundance was lower on seagrass beds than on mud flats, but the difference 
was only significant (p = 0.034, nested Anova) between the seagrass beds (-) and the 
mud flats (+m+ s). Total species richness, on the other hand, was highest in biotopes 
with presence of mangroves (p < 0.035, nested Anova), viz. on seagrass beds (+m) and 
mud flats (+m+s), although the difference was not significant between seagrass beds 
(+m) and seagrass bed (-). Nursery species showed a significantly lower abundance (p <
0.001) on mud flats (-) than in the three other biotopes with presence of either seagrass 
beds or mangroves. Species richness of nursery species was highest in the two biotopes 
with presence of mangroves (p < 0.008), and as was the case with abundance it was 
lowest on the mud flats (-). Bay species were more abundant on the mud flats than on the 
seagrass beds (p < 0.003). Species richness of the bay species was highest on the mud 
flats (-) (p < 0.022) and lowest in the seagrass beds (-) (p < 0.001). Reef species 
contributed little to the total fish fauna, and their abundance and species richness were 
most abundant on the seagrass beds (-) (p < 0.045).
PCA of the different fish species showed three different species clusters (Fig. 2b). 
These clusters partly corresponded to the four distinguished biotope types: fishes of the 
seagrass beds (-) and mud flats (-) formed separate clusters, but seagrass beds (+m) and 
mud flats (+m+s) were clustered together. Three fish species showed a wide biotope 
utilisation and were therefore separated from the clusters.
With the exception of one species (Lutjanus analis), all fish species found in the four 
biotope types can be divided into two groups: (1) species associated with mangroves 
and/or seagrass beds, and (2) species associated with mud flats. These two groups can be 
divided into five different categories (Table 2). The first category is characterised by 
fish species which are most abundant on the seagrass beds (+m), and show significantly 
lowered abundances or complete absence at the seagrass beds (-) and mud flats (-). The 
lack of a significant difference between the seagrass beds (+m) and the mud flats (-) for 
Archosargus rhomboidalis and Scarus iserti may be explained by the underestimation of 
their abundances in the beach seine catches (Table 2). Three nursery species show 
significantly higher abundances on the mud flats (+m+s) than on the mud flats (-).
The second category is characterised by fish species which are significantly more 
abundant in any of the three biotopes with presence of mangroves or seagrass beds, but 
show highly lowered abundances or complete absence on the mud flats (-), which lack 
these nursery biotopes. In contrast to the first category, the nursery species in this 
category show no significantly higher abundance on the seagrass beds (+m) than on the 
seagrass beds (-). The abundances of Lutjanus griseus were underestimated on the 
seagrass beds in the beach seine catches, which may explain the lack of a significant 
difference with the mud flats (-). The second category consists mainly of nursery 
species.
The third category is characterised by mainly reef species which are only found on 
the seagrass beds (-). However, they were present in only one bay (Boka Ascencion),
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Fig. 3. (a)
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species
and only at one site or during one sampling date. Hence, this species category does not 
represent a species group which depends on seagrass beds.
The fourth category is characterised by bay species which occur only on mud flats, 
showing highest abundances on the mud flats (-).
The fifth category consists of bay species which occur on mud flats as well as 
seagrass beds, but which show highest abundances on one or both types of mud flats.
The exception to the two groups was formed by Lutjanus analis (category six). This 
species showed high densities on mud flats in the vicinity of mangroves and seagrass 
beds, but low densities on mud flats (-). This category is thus characterised by fishes 
associated with mud flats located near mangroves/seagrass beds.
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DISCUSSION
The present study shows that the presence of mangroves and/or seagrass beds in bays 
has a significant effect on the fish community. Several studies have shown that seagrass 
beds harbour higher fish densities than adjacent bare sand flats (see review by Orth et al. 
1984). In the present study total fish abundance was higher on the mud flats than on the 
seagrass beds. However, this is caused by high abundances of only bay species 
(especially mojarras) associated with mud flats, which are independent of mangroves 
and seagrass beds as nurseries. For the nursery species, comparable to other studies, fish 
abundance and species richness were much higher on both types of seagrass beds than 
on the mud flats (-), suggesting an obligate dependence on these nursery biotopes for at 
least some of the nursery species.
Fish abundance and species richness of nursery species were also high on mud flats 
(+m+s), which were located near seagrass beds and mangroves. The most likely 
explanation for this pattern is that these fish do not just stay on the seagrass beds or in 
the mangroves, but roam around in the bay and also enter the adjacent mud flats. This is 
supported by the single PCA species cluster for (mainly nursery) species utilising 
seagrass beds (+m) as well as mud flats (+m+s). The data thus suggest that adjacent 
mangroves and seagrass beds enhance densities and species richness of nursery species 
on bare mud flats.
A similar pattern was observed for bare seagrass beds. Species richness of nursery 
species was significantly higher on the seagrass beds (+m) than on the bare seagrass 
beds (-), suggesting that presence of adjacent mangroves enhances the species richness 
on seagrass beds. This may be related to the fact that most nursery species utilise 
seagrass beds as well as mangroves as nursery biotopes (Nagelkerken et al. 2000b, c). 
Presence of both of these biotopes diversifies the available habitat in bays, making them 
suitable for a wider range of species. It should be noted that the interaction between 
mangroves and seagrass beds is probably mutual, also with seagrass beds enhancing 
species diversity in the mangroves, although this has yet to be tested.
The present study shows a variable dependence of fishes on mangroves and seagrass 
beds. Six different categories of biotope utilisation could be distinguished, of which one 
was uncertain, two were associated with mangroves/seagrass beds, two associated with 
mud flats, and one associated only with mud flats located near mangroves and seagrass 
beds. The first category represents species which are associated with mangroves and 
seagrass beds. In this category, all four nursery species, Chaetodon capistratus, 
Haemulon flavolineatum, Ocyurus chrysurus, and Scarus iserti, showed significantly 
lower abundances to complete absence on seagrass beds (-) and on mud flats (-) than on 
seagrass beds (+m), suggesting an obligate dependence on mangroves and seagrass beds 
as nursery biotopes. Two bay species also belong to this category. The bay species 
Hyporhamphus unifasciatus was doubtfully categorised in this category, since this is not 
a nursery species. Its high abundance is caused by a high number of fishes caught in just 
one bay at just one site.
In the second category, the nursery species Haemulon parrai, H. sciurus, Lutjanus 
apodus, L. griseus, L. mahogoni, Sparisoma chrysopterum, and Sphyraena barracuda
Fish faunas of bays with and without mangroves/seagrass beds 123
did not show significantly higher abundances on seagrass beds (+m) than on seagrass 
beds (-), but did show a strong reduction in abundance or complete absence on mud flats 
(-). This suggests an obligate dependence of juveniles of these species on seagrass beds, 
but not on mangroves. Nagelkerken et al. (2000b) showed that all of these species are 
much more abundant in the mangroves than in the seagrass beds, but apparently 
utilisation of the mangroves by these species is facultative. The association of Diodon 
holocanthus (bay species) and Mulloidichthys martinicus (reef species) with the 
seagrass beds is likely related to a high abundance of food in the seagrass beds 
(Nagelkerken et al. 2000a). The association of D. holocanthus with the seagrass beds is 
not related to a nursery function, since this species shows rare mass recruitment not only 
into bays, as is the case with nursery species (Nagelkerken et al. 2000b), but also onto 
the coral reef (Debrot & Nagelkerken 1997).
Fish species associated with mud flats (categories 4 and 5) all belonged to the bay 
species. The bay species Gerres cinereus is partly a nursery species since some of its 
juveniles use mangroves as a nursery biotope, and since a part of the adult population is 
found on the coral reef (Nagelkerken et al. 2000b). Their densities were highest on the 
mud flats (-), where juveniles were also common, which suggest that G. cinereus uses 
the mangroves as a facultative nursery habitat.
Lutjanus analis (category six) was found in high abundances on mud flats (+m+s), 
but in low abundances on both types of seagrass beds and on the mud flats (-). This 
suggests that L. analis favours mud flats, but also depends on mangroves and seagrass 
beds. Nagelkerken et al. (2000b) showed that this species utilises both mangroves and 
seagrass beds as nursery biotopes.
Although the present study shows a close association of nursery species with 
mangroves and/or seagrass beds in bays, it cannot be ruled out that other types of 
shallow-water biotopes inside or outside of the bays can be used as alternative nurseries 
by these species. The shallow coral reef is used by some species as a nursery biotope 
(Nagelkerken et al. 2000c), which implicates that the dependence of these species on 
mangroves and seagrass beds may not be as obligate as suggested in the present study. 
This is the case for the nursery species Chaetodon capistratus, Haemulon flavolineatum 
and Lutjanus mahogoni. On Caribbean islands lacking bays with mangroves/seagrass 
beds, these species use alternative nursery biotopes (Nagelkerken et al. submitted b). For 
all other nursery species of the present study, however, the densities on these islands are 
highly lowered or close to zero, supporting the obligate dependence of these fishes on 
mangroves and/or seagrass beds. An exception is Gerres cinereus which did not show an 
obligate dependence on mangroves/seagrass beds (this study), but was absent from 
islands lacking bays with mangroves and seagrass beds (Nagelkerken et al. submitted b). 
This suggests that G. cinereus just depends on the presence of shallow coastal areas as 
nurseries, such as inland bays, and only make facultative use of mangroves and/or 
seagrass beds. It yet remains to be established, however, if other types of bay biotopes 
which provide sufficient shelter (e.g. patch reefs) can take over the nursery function of 
mangroves/seagrass beds. Since most inland bays of Curaçao do not contain large areas 
of other types of bay biotopes, it appears that for at least this island mangroves and 
seagrass beds are obligate nursery areas for several reef fish species.
124 Chapter 6
The use of the beach seine net for the fish surveys in the seagrass beds resulted in an 
underestimation of abundance for some fish species when compared to the visual 
censuses. Nevertheless, abundances in the seagrass beds were sufficiently high for a 
statistical difference with the mud flats (-). Only for Scarus iserti and Lutjanus griseus 
the higher abundance on the seagrass beds was insignificant, most likely as a result of 
the underestimation of their abundance with the beach seine. Further, small juveniles 
were not caught as a result of the mesh size of 1 cm, and the results with respect to the 
dependence of nursery species on mangroves and seagrass beds are based on medium­
sized and large juveniles. However, since mortality of small juveniles can be very high 
in the first few weeks after settlement (Shulman & Ogden 1987), results based on the 
standing crop of larger juveniles (i.e. those actually using the nursery biotopes for a 
longer period of time) are probably more reliable. Hence, we assume that the absence of 
the very small juveniles of nursery species from the beach seine catches does not affect 
the general conclusions on the dependence of these fishes on mangroves and seagrass 
beds.
In conclusion, for species designated as nursery species, mangroves and seagrass 
beds are obligate nursery biotopes for Ocyurus chrysurus and Scarus iserti, seagrass 
beds are obligate nurseries for Haemulon parrai, H. sciurus, Lutjanus apodus, L. 
griseus, Sparisoma chrysopterum and Sphyraena barracuda, mud flats near 
mangroves/seagrass beds are obligate biotopes for L. analis, and mangroves/seagrass 
beds are facultative nurseries for Chaetodon capistratus, Gerres cinereus, H. 
flavolineatum, and L. mahogoni.
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Mangroves and seagrass beds are obligate nursery 
habitats for several commercially important reef fish
species
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ABSTRACT: There has been much controversy over the degree to which mangroves 
and seagrass beds function as nursery biotopes for fish species that live on coral reefs. 
The densities of 17 reef fish species which use mangroves and seagrass beds as nurseries 
during their juvenile stage were compared on the reefs of Caribbean islands with and 
without bays containing mangroves and seagrass beds. We found that coral reefs of 
Caribbean islands lacking these nursery biotopes show complete absence or highly 
lowered densities for most of these 17 fish species, several of which are of commercial 
importance to the fisheries. This finding clearly reveals the nursery function of these 
biotopes and shows how linkages among biotopes are of critical importance for 
sustainable management of reef fish stocks.
INTRODUCTION
Many studies in various parts of the world have recognised the importance of 
mangroves and seagrass beds as nurseries for reef fishes (see reviews by Pollard 1984, 
Parrish 1989, Robertson & Blaber 1992). However, the extent to which fishery yields 
from coral reefs are a function of the presence of these nursery biotopes remains unclear 
(Parrish 1989, Roberts 1996). If nursery biotopes support fishery production from reefs 
then they must also be managed in order to sustain yields.
In the Caribbean we found earlier that mangroves and seagrass beds function as 
nurseries for at least 17 reef fish species, many of them commercially important to the 
reef fisheries (Nagelkerken et al. 2000b, c). Nagelkerken et al. (submitted a) showed that 
the juveniles of these species are highly associated with mangroves and seagrass beds 
and are largely absent from bays lacking these biotopes, suggesting an obligate 
dependence on these biotopes. This led to the formulation of the hypothesis that 
mangrove/seagrass associated fish species show reduced densities on islands lacking 
these biotopes as a result of absence of suitable nursery biotopes. To evaluate whether 
mangroves and seagrass beds are obligate requirements for some fish species, we 
compared fish stocks of these 17 fish species on reefs at Caribbean islands with and 
without bays containing mangroves and seagrass beds.
METHODS
Fish counts of the 17 reef fish species (nursery species) which use mangroves and 
seagrass beds as nurseries during their juvenile stage (see Nagelkerken et al. 2000b) 
were made on the reefs of Caribbean islands with and without bays containing 
mangroves and seagrass beds. The islands with bays containing mangroves and seagrass 
beds were Ambergris Caye (Belize), Curaçao and Bonaire; the islands without bays 
containing mangroves and seagrass beds were Saba, Klein Curaçao and Klein Bonaire 
(Fig. 1). Replicate fish counts were made at each island (Table 1) at 5 and 15 m depth, 
using a stationary point-count method (Polunin & Roberts 1993).
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Fig. 1. Location of the study sites. Klein Curaçao and Klein Bonaire were separated by 11 km 
and 675 m from Curaçao and Bonaire, respectively. Saba and Belize were separated by 2600 km.
RESULTS AND DISCUSSION
Thirteen of the 17 fish species showed complete absence or (highly) lowered 
densities on reefs of islands without bays containing mangroves/seagrass beds (Table 1), 
and this can be explained by the absence of suitable nursery biotopes. This was not the 
case for Chaetodon capistratus, Acanthurus chirurgus, Haemulon flavolineatum and 
Lutjanus mahogoni (Table 1), the latter three of which can use the shallow coral reef 
(<3 m depth) as an alternative nursery biotope (Nagelkerken et al. 2000c, van der Velde 
et al. 1992). Lutjanus apodus showed lowered densities, but not close to zero as in many 
other species, on islands without bays containing mangroves/seagrass beds. This is 
probably because it can partly use sheltered and rocky shallow back-reef areas as an 
alternative nursery biotope (pers. observ.).
The (highly) lowered densities of the 13 reef fish species on islands without nursery 
biotopes suggests that for these species bays containing mangroves/seagrass beds are 
obligate nurseries. Likewise, Ogden et al. (1985) observed these species (except 
Sphyraena barracuda) to be absent from the reefs of the Caribbean island of Sombrero, 
which lacks mangroves/seagrass beds. Furthermore, Nagelkerken et al. (submitted a)
Table 1. Mean fish densities (1000 m 2) on coral reefs o f islands with and without mangroves and seagrass beds.1 : within fishing reserves, +: present, absent, 
nd: no data. *: difference significant (nested Anova or Mann-W hitney U-test, p < 0.05); some large differences were not significant because o f zero-values in 
some transects
Belize1 vs. Saba1 Curaçao vs. Klein
Curaçao
Bonaire vs. Klein
Bonaire
All
islands
Presence o f mangroves and seagrass beds + - + - + - + vs. -
Number o f transects 58 35 64 60 36 36
Species showing lowered densities with absence of mangroves/seagrass beds
Gerres cinereus , yellowfin mojarra 2.9 0.0 0.4 0.0 0.7 0.0 *
Haemulon parra i, sailors choice 3.2 0.0 0.0 0.0 0.0 0.0 *
Haemulon p lum ieri, white grunt 8.0 0.0* 0.0 0.0 0.0 0.0 *
Haemulon sciurus , bluestriped grunt 90.2 0.0* 7.0 0.0* 3.9 0.7* *
Lutjanus ana lis, mutton snapper 2.9 0.0 2.2 0.0* 0.0 0.0 *
Lutjanus apodus, schoolmaster 27.0 5.2 44.8 17.9* 22.6 7.8* *
Lutjanus griseus , gray snapper 8.6 0.0 1.6 0.0* 0.0 0.0
Ocyurus chrysurus , yellowtail snapper 16.5 0.0* 62.1 2.8* 46.7 15.2* *
Scarus coeruleus , blue parrotfish 0.6 0.0 4.8 0.0* 0.0 0.4
Scarus guacam aia, rainbow parrotfish 2.2 0.0 3.6 0.6 0.0 0.0
Scarus ise rti, striped parrotfish 47.7 0.0* 84.8 0.9* 68.3 9.9* *
Sparisoma chrysopterum , redtail parrotfish 5.1 0.8* 4.2 3.9 0.7 0.4
Sphyraena barracuda, great barracuda nd nd 5.2 0.0* nd nd nd
Species not showing lowered densities with absence of mangroves/seagrass beds
Acanthurus chirurgus , doctorfish 6.4 1.1 11.3 9.8 0.7 1.8
Chaetodon capistratus , foureye butterflyfish 8.4 29.6* 25.1 28.9* 24.4 27.2 *
Haemulon flavolineatum , french grunt 38.1 7.5* 69.4 65.2 7.8 11.0
Lutjanus m ahogoni, mahogany snapper 5.4 17.2* 26.7 20.1 2.8 2.8
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showed that the juveniles of these species only occur in bays containing 
mangroves/seagrass beds, and are absent from bays without these nursery biotopes, 
which further supports their obligate dependence on these biotopes. One exception was 
Gerres cinereus of which the juveniles were highly abundant in bays without these 
nursery biotopes (Nagelkerken et al. submitted a). Nevertheless this species was absent 
from islands lacking these nursery biotopes, which suggests that G. cinereus depends on 
the presence of shallow bays and not on mangroves/seagrass beds (Nagelkerken et al. 
submitted a).
Coastal ecosystems are in decline world-wide as a result of anthropogenic 
disturbances. Estimates suggest that 30-60% of the world’s mangroves have already 
been lost (Spalding 1998) and seagrasses are declining at similar rates (Shepherd et al. 
1989). Reef fisheries are critical to millions of people world-wide (Munro 1996) and our 
data suggest that impacts on these biotopes could have significant impacts on reef fish 
stocks and yields in the Caribbean.
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It has been debated for quite some time whether or not mangroves and seagrass beds 
are important nurseries for reef fishes. Earlier studies in the Caribbean have observed 
high densities of juveniles of various coral reef fish species in these two biotopes 
(Springer & McErlean 1962, Austin 1971, Ogden & Zieman 1977, Weinstein & Heck 
1979). The presence of juveniles in these shallow-water biotopes and of the adults on 
the coral reef has led to the assumption that mangroves and seagrass beds function as 
important nurseries for reef fishes. Few in-depth studies have been done, however, on 
the utilisation of and dependence on these biotopes by juvenile reef fishes. Some studies 
have provided anecdotal observations (Ogden & Ehrlich 1977, Weinstein & Heck 1979, 
Rooker & Dennis 1991) or qualitative data (van der Velde et al. 1992) on the 
ontogenetic shifts of reef fishes from the nursery biotopes to the reef, but quantitative 
studies with size-frequency data were lacking. Further, it remains to be shown whether 
mangroves and seagrass beds are obligate nurseries for these reef fish species.
The present thesis was focussed on studying the importance of various shallow-water 
bay biotopes as nurseries for reef fishes. The data give a better insight into the utilisation 
of and dependence on these biotopes by a number of reef fish species. It shows that the 
fish community in the bays of Curaçao exists of three major groups of fish species, each 
utilising the bay in a different way, viz. as a nursery, as a life-time habitat, and as an 
extension of the coral reef. At least seventeen reef fish species use different 
combinations of shallow-water bay biotopes as nurseries during the juvenile stage of 
their life cycle (i.e. Acanthurus chirurgus, Chaetodon capistratus, Gerres cinereus, 
Haemulon flavolineatum, H. parrai, H. plumieri, H. sciurus, Lutjanus analis, L. apodus, 
L. griseus, L. mahogoni, Ocyurus chrysurus, Scarus coeruleus, S. iserti, S. guacamaia, 
Sparisoma chrysopterum and Sphyraena barracuda). Ontogenetic shifts in biotope 
utilisation were observed from the shallow-water nursery biotopes in the bay to the 
deep-water life time biotope of the coral reef, with some fishes also using the (deep) 
channel in the bay as an intermediate nursery.
The dependence of these fishes on shallow-water bay biotopes as nurseries appears 
to be high, since juveniles of these fish species were almost never observed on the coral 
reef, or in bays lacking mangroves and seagrass beds, and since the densities of the adult 
individuals of these species on the reef were (highly) reduced or close to zero on islands 
lacking these nursery biotopes. Different reef fishes show a different dependence on 
mangroves and seagrass beds: mangroves and seagrass beds are obligate nursery 
biotopes for Ocyurus chrysurus and Scarus iserti, seagrass beds are obligate nurseries 
for Haemulon parrai, H. sciurus, Lutjanus apodus, L. griseus, Sparisoma chrysopterum 
and Sphyraena barracuda, mud flats near mangroves/seagrass beds are obligate 
biotopes for L. analis, and mangroves and/or seagrass beds are facultative nurseries for 
Chaetodon capistratus, H. flavolineatum, L. mahogoni and Gerres cinereus.
The data in this thesis clearly reveal the nursery function of shallow-water biotopes, 
in particular mangroves and seagrass beds, and strongly suggest that impacts on these 
nursery biotopes can have significant impacts on reef fish stocks and yields (Fig. 1). 
Coastal ecosystems are in decline world-wide as a result of anthropogenic disturbances.
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the dependence on mangroves and seagrass beds as nurseries is obligate 
for most nursery species and they show (highly) reduced densities on 
reefs o f  islands w ithout these nursery biotopes (Chapter 7)
most nursery species are associated with mangroves and/ 
or seagrass beds and are (almost) com pletely absent from 
bays w ithout these nursery biotopes (Chapter 6)
the Spanish W ater Bay is dominated by herbivores and zoobenthivores, 
w hich is likely related to the abundance o f  algae/seagrass and o f  m acro­
invertebrates in the m uddy substratum  o f  the bay (Chapter 5)
seagrass beds and partly algal beds are important feeding 
sites for Haem ulidae and Lutjanidae because they 
provide a high abundance o f  food (Chapter 4)
Fig. 1. Main 
results of this 
thesis, with 
respect to the 
importance of 
shallow-water 
bay biotopes as 
nurseries for 
reef fishes
Estimates suggest that 30-60% of the world’s mangroves have already been lost and 
seagrasses are declining at similar rates (Shepherd et al. 1989, Spalding 1998). Reef 
fisheries are critical to millions of people world-wide (Munro 1996) and most of the 
seventeen nursery species from this thesis are target species for reef fisheries in the 
Caribbean (Dalzell 1996). This thesis shows how linkages among biotopes are of critical 
importance for sustainable management of reef fish stocks.
Evaluation of hypotheses on nursery function
Several hypotheses have been proposed earlier to explain the high abundance and 
diversity of juvenile fishes in mangroves and seagrass beds:
1. The structural complexity of mangroves and seagrass beds provide excellent 
shelter against predators (Parrish 1989, Robertson & Blaber 1992).
m angroves, seagrass beds, channel, notches and 
boulders are used as nurseries by seventeen 
different reef fish species (Chapter 3)
m angroves, seagrass beds and the shallow 
coral reef are im portant nurseries for 
selected reef fish species (Chapter 2)
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2. Mangroves and seagrass beds are often located at a distance from the coral reef 
or off-shore waters and are therefore less frequented by predators (Shulman 
1985, Parrish 1989).
3. The relatively turbid waters of bays, lagoons and estuaries decrease the foraging 
efficiency of predators (Blaber & Blaber 1980, Robertson & Blaber 1992).
4. Mangroves and seagrass beds provide a great abundance of food for fishes 
(Odum & Heald 1972, Carr & Adams 1973, Ogden & Zieman 1977).
5. Mangroves and seagrass beds often cover extensive areas and may intercept 
planktonic fish larvae more effectively than coral reefs (Parrish 1989).
With the results from the present thesis an evaluation is given to the degree of which 
the above hypotheses play a role in the nursery function of the different bays of Curaçao.
Evidence for hypothesis 1. The fish density and species richness was variable in the 
six different bay biotopes of the Spanish Water Bay but were positively related to the 
structural complexity of the biotopes (Chapter 3, Table 1). For example, fish density and 
species richness were highest on the structurally complex boulders and lowest on the 
low-cover algal beds. Furthermore, in the mangroves and seagrass beds the density 
distribution of fish species was correlated to amount of shelter (i.e. water depth in the 
mangroves and height of seagrass) and to structural complexity of the biotope (i.e. 
mangrove prop-root density and seagrass cover). Hence, structural characteristics of the 
bay biotopes play an important role as shelter for their nursery function.
Evidence for hypothesis 2. No specific data were collected on predator densities and 
predation frequency on fishes in the bay as compared to the reef.
Evidence for hypothesis 3. Fish density and species richness showed a highly 
positive correlation with increased water transparency in the mangroves and seagrass 
beds of Spanish Water Bay (Chapter 3). Furthermore, density of the piscivorous 
Sphyraena barracuda was highest in the turbid parts of the bay. Hence, no results were 
found in support of this hypothesis.
Evidence for hypothesis 4. The bay biotopes contained a much higher density of 
macro-invertebrates than the adjacent coral reef (Table 1). The seagrass beds in 
particular were important feeding grounds at night for juvenile Haemulidae and 
Lutjanidae of the bay (Chapter 4).
Evidence for hypothesis 5. In Curaçao the total surface area of mangroves and 
seagrass beds is lower than the total surface area of fringing coral reef, but the total area 
of inland bays is higher. However, all inland bays of Curaçao have a very small opening 
to the coral reef (< 100 m wide), which would make it difficult to find for settling 
postlarval fishes. Nevertheless, small juveniles of nursery species were almost never 
observed on the reef, and occurred in high densities in the bays. This was also the case 
when a large settlement pulse occurred for Ocyurus chrysurus and Lutjanus mahogoni. 
The settled fish were observed in high abundances in the bay but not on the coral reef. 
Hence, the bays of Curaçao do not intercept the juveniles better because of a large 
surface area of mangroves and seagrass beds, but postlarval fishes may search actively 
for the entrance to the different bays containing mangroves and seagrass beds.
Table 1. Overview o f density and species richness o f all fish species, density o f macro-invertebrates in and above the substratum, and structural 
complexity o f the different biotopes o f Spanish Water Bay and the adjacent coral reef, nd: no data, interm: intermediate
Boulders Mangroves Notches Channel Seagrass beds Algal beds Coral reef
Fish community
density (100 m" ) 1365.2 206.4 93.4 91.7 42.8 1.9 441.8
species richness (100 m"2) 67.0 13.4 13.3 13.8 7.3 1.2 23.4
Macro-invertebrate community
density in substratum (dm 3)
all invertebrates nd 2833 nd 1953 3525 2613 725
all crustaceans nd 2695 nd 1778 1962 2203 155
density above substratum (m"3)
all invertebrates nd nd nd nd 6794 544 151
all crustaceans nd nd nd nd 5548 415 78
Structural complexity high high interm interm interm low high
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Future research
In this thesis the importance of mangroves and seagrass beds as nurseries for reef 
fishes was established deductively. By comparing fish faunas in bays and island with 
and without these nursery biotopes the dependence of fishes on these nursery biotopes 
could be established (Chapter 6, 7). Furthermore it was found that densities of several 
nursery species on the reef decreased with increasing distance from the Spanish Water 
Bay, suggesting that the bay is a source area for juveniles (Chapter 3). Direct evidence 
would be gained by tagging juveniles in the bay to see at what size and where they 
appear on the reef. Comparison of genetic structure of fishes from different reefs and 
bays may also provide an insight into the nursery areas from which the juveniles 
originate. A currently ongoing study is determining densities of nursery species along 
the entire south-west coast of Curaçao to establish whether their densities are higher on 
the reefs just in front of bays containing mangroves and seagrass beds as compared to 
reef situated away from such bays (M. Dorenbosch, M. C. van Riel, I. Nagelkerken & G. 
van der Velde).
Although in Curaçao the importance of mangroves and seagrass beds was established 
for the seventeen nursery species, the importance of other structurally complex bay 
biotopes in absence of mangroves and seagrass beds could not be established. It has yet 
to be tested whether bays with, for example, only presence of patch reefs, boulders, or 
channels, but with absence of mangroves and seagrass beds can also function as nursery 
areas for the nursery species.
The studies on fish communities in the present thesis were focussed on different 
levels: from fish faunas in three biotopes to fish faunas on different islands. It still 
remains unclear which mechanisms and processes are at work at the species level with 
respect to the nursery function of mangroves and seagrass beds. E. Cocheret de la 
Morinière is currently focussing on this level. For the individual fish species using these 
nursery biotopes, much is still unknown, such as the competition for food and shelter 
among closely related species, the importance of environmental variables and habitat 
characteristics, migration patterns of the different size classes in the bay, sources of food 
and variability in diet, temporal recruitment patterns, degree of predation on juveniles 
and benthic mortality, biotope selection mechanisms by different size classes of fishes, 
growth rates and residence time in the bay, etc.
Studies have been done in several regions around the world, but the importance of 
mangroves and seagrass beds as nurseries is not always clear, especially in some regions 
of the Indo-Pacific (Quinn & Kojis 1985, Thollot & Kulbicki 1988, Blaber & Milton 
1990, Thollot 1992). Furthermore, studies on nursery function have been done in 
different types of shallow-water coastal habitats (e.g. inland bays, lagoons, estuaries) 
with different environmental factors and biotope characteristics, and were sampled with 
a different survey methodology. It has not yet been attempted, however, to compare the 
functioning of mangroves and seagrass beds as nurseries between different types of 
coastal habitats in different regions of the world with the same survey methodology and 
study design by the same observers.
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Summary
The first study of this thesis is a baseline study focussed on investigating the 
ontogenetic shifts in habitat utilisation between mangroves, seagrass beds and the 
adjacent coral reef by a selected number of reef fishes (Chapter 2). Length and 
abundance of sixteen commercially important reef fish species were quantified during 
nine months by means of visual censuses during the day, in six different biotopes on the 
island of Bonaire: prop-roots of the red mangrove (Rhizophora mangle) and turtle grass 
beds (Thalassia testudinum) in Lac Bay, and four depth zones (0 to 3 m, 3 to 5 m, 10 to 
15 m, and 15 to 20 m) on the adjacent fringing coral reef. Size-frequency histograms for 
each of the sixteen fish species in all biotopes revealed that the seagrass beds were the 
most important nursery biotope for juvenile Acanthurus chirurgus, Haemulon 
flavolineatum, H. sciurus, Ocyurus chrysurus and Sparisoma viride, the mangroves for 
juvenile Chaetodon capistratus, Lutjanus apodus, L. griseus and Sphyraena barracuda, 
and the shallow coral reef for juvenile A. bahianus, Abudefduf saxatilis, H. 
chrysargyreum and L. mahogoni. Juvenile Acanthurus coeruleus utilised all six biotopes 
as nurseries, while juvenile Anisotremus surinamensis and H. carbonarium were not 
observed in any of the six biotopes. Although fishes showed a clear preference for a 
specific nursery biotope, most fish species utilised multiple nursery biotopes 
simultaneously, probably because they all provided suitable shelter. The almost 
complete absence of juveniles on the deeper reef of 5 to 20 m indicates the high 
dependence of juveniles on shallow-water biotopes as a nursery. Further, for most fish 
species an (partial) ontogenetic shift was observed at a particular life stage from their 
nursery biotopes (i.e. mangroves, seagrass beds, and/or reef of 0 to 3 m) to the (deeper) 
coral reef. Furthermore, cluster analyses showed that closely related species within the 
families Haemulidae, Lutjanidae and Acanthuridae, and the different size classes within 
species in most cases had a spatial separation in biotope utilisation, which suggests 
avoidance of competition for factors such as food and shelter.
With a better insight into the ontogenetic shifts of selected fish species between 
mangroves, seagrass beds and the adjacent coral reef, the question arose what the 
importance was of other types of shallow-water biotopes as nurseries for juvenile reef 
fishes. A similar study as in Bonaire was therefore done in the Spanish Water Bay on the 
island of Curaçao (Chapter 3), but size-frequency data were now collected in six 
different bay biotopes and on the adjacent coral reef. During this study the complete fish 
community was surveyed to determine which reef fish species utilise the bay biotopes as 
a nursery. The bay biotopes selected were the mangroves, seagrass beds, algal beds, 
channel, fossil reef boulders and notches in fossil reef rock, and four depth zones on the 
adjacent coral reef (2, 5, 10, 15 m depth). Three groups of fish species were identified in 
the bay: reef fishes which use bay biotopes as nurseries during the juvenile part of their 
life cycle (nursery species), reef fishes which normally spend their entire postlarval life­
cycle on the coral reef (reef species), and fishes which are typically found in bays (bay 
species). Seventeen different nursery species were found in the bay: Acanthurus 
chirurgus (doctorfish), Chaetodon capistratus (foureye butterflyfish), Gerres cinereus 
(yellowfin mojarra), Haemulon flavolineatum (french grunt), H. parrai (sailors choice),
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H. plumieri (white grunt), H. sciurus (bluestriped grunt), Lutjanus analis (mutton 
snapper), L. apodus (schoolmaster), L. griseus (gray snapper), L. mahogoni (mahogany 
snapper), Ocyurus chrysurus (yellowtail snapper), Scarus coeruleus (blue parrotfish), S. 
iserti (striped parrotfish), S. guacamaia (rainbow parrotfish), Sparisoma chrysopterum 
(redtail parrotfish), and Sphyraena barracuda (great barracuda). Juvenile reef fishes 
were common in all bay biotopes (except the algal beds), but absent or extremely scarce 
on the coral reef. Small juveniles of most of the nursery species were most abundant in 
the mangroves, and at intermediate sizes some were found in the channel. Large 
individuals and adults were almost always found on the coral reef. Differences in fish 
densities between bay biotopes were related to differences in structural complexity and 
amount of shelter. Fish community structure varied among the bay biotopes, but some 
overlap was present suggesting a linkage between the bay biotopes. Densities of several 
nursery species were higher on the reef near the bay than on reefs located farther down- 
current, which suggests that the bay functions as a source for these fishes.
Now that it was established that bay biotopes are important nurseries for reef fishes 
the question arose whether there was a difference in utilisation by fishes of these nursery 
biotopes during daytime and night-time. Day-night changes in fish density, species 
richness and community structure were therefore quantified in the Spanish Water Bay 
(Chapter 4) in the same biotopes as in the daytime study. All biotopes, except the algal 
beds, showed a strong reduction in fish density and species richness at night. This 
reduction was caused by diurnally active fishes which sheltered at night in, amongst 
others, the channel, notches and boulders, and by feeding migrations of the nocturnally 
active Haemulidae and Lutjanidae from shelter sites (e.g. mangroves, notches and 
boulders) to the seagrass beds and partly also to the algal beds. The preference of 
Haemulidae and Lutjanidae for mainly the seagrass beds as a feeding biotope, instead of 
other bay biotopes, appears to be related to the relatively high availability of their 
preferred food (Tanaidacea, Decapoda, Copepoda, Mysidacea and Annelida) in this 
biotope. Other bay biotopes showed much lower densities of such food items compared 
to the seagrass beds.
With a connection established between biotope utilisation and food availability for 
Haemulidae and Lutjanidae, the question arose whether the fish feeding guild structure, 
based on the complete fish community, varied among the different biotopes. Considering 
the link between food availability and biotope utilisation and considering the differences 
in food availability among biotopes, it was expected that guild structure varies among 
the different biotopes. The data of Chapter 3 and 4 were therefore used to determine the 
fish feeding guild structure in the different bay biotopes and reef depth zones (Chapter 
5). The total fish density within the different feeding guilds varied considerably among 
the biotopes, and was in general higher in the reef biotopes and in the boulders than in 
the remaining bay biotopes. Cluster analysis revealed that for guild structure based on 
fish densities the dissimilarity was largest between the algal beds and all other biotopes, 
followed by between the reef depth zones and other bay biotopes (notches, mangroves, 
seagrass beds, channel). Also the species composition of the guilds differed considerably 
among the different biotopes. The species richness within the different guilds showed 
much smaller differences among the biotopes, but were generally somewhat higher in
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the reef biotopes. Cluster analysis on guild structure based on fish species richness 
showed a low dissimilarity among the different biotopes. with respect to total numbers, 
the coral reef was dominated by omnivores and zooplanktivores, whereas the bay was 
dominated by zoobenthivores and herbivores. Differences in guild structure between the 
bay and the adjacent reef are likely explained by food availability. Macro-invertebrates 
(consumed by zoobenthivores) and algae/seagrass (consumed by herbivores) are 
abundant in the nutrient-enriched bay, whereas zooplankton (consumed by 
zooplanktivores and partly by omnivores) is suspected to be more abundant on the reef. 
In addition, reduced availability of corals/rocks in the bay is suspected to cause the low 
predominance of omnivores (mainly pomacentrids which depend on rocky substratum 
with crevices for shelter) in the bay.
With a better insight into the importance of the different bay biotopes as nurseries 
for reef fishes the question arose to which extent the seventeen nursery species depended 
on these nursery biotopes. Do the nursery species utilise bays containing mangroves and 
seagrass beds as nurseries just because of the abundance of food and a reduced 
predation pressure by predators, or do they also depend on the shelter or other 
advantages provided specifically by mangroves and seagrass beds? A study was 
therefore done in eleven different inland bays of the island of Curaçao with different 
combinations of absence and presence of mangroves and seagrass beds: seagrass beds in 
bays containing mangroves, seagrass beds in bays lacking mangroves, mud flats in bays 
containing mangroves and seagrass beds, and mud flats in bays lacking mangroves and 
seagrass beds (Chapter 6). The nursery species showed highest abundance and species 
richness on both types of seagrass beds and on the mud flats surrounded by mangroves 
and seagrass beds, but were almost absent from the mud flats in bays without these 
nursery biotopes. The high abundance and species richness on the mud flats near to 
nursery biotopes is likely explained by fishes migrating from the adjacent 
mangroves/seagrass beds to the mud flats. Seagrass beds surrounded by mangroves 
showed a higher species richness of nursery species than bare seagrass beds, suggesting 
an interaction with the adjacent mangroves resulting in an enhancement of the species 
richness. From mutual comparison of the densities of nursery species between the 
different mangrove/seagrass combinations in the different bays and in combination with 
the results from Chapter 7 it appeared that mangroves and seagrass beds are obligate 
nursery biotopes for Ocyurus chrysurus and Scarus iserti, seagrass beds are obligate 
nurseries for Haemulon parrai, H. sciurus, Lutjanus apodus, L. griseus, Sparisoma 
chrysopterum and Sphyraena barracuda, mud flats near mangroves/seagrass beds are 
obligate biotopes for L. analis, and mangroves and/or seagrass beds are facultative 
nurseries for Chaetodon capistratus, H. flavolineatum, L. mahogoni and Gerres 
cinereus. Of these last four species, the second and third species can use the shallow reef 
as an alternative nursery, whereas for the latter species shallow coastal areas such as 
inland bays are obligate nursery areas. Densities of the remaining nursery species, viz. 
Acanthurus chirurgus, H. plumieri, Scarus coeruleus and S. guacamaia, were too low to 
establish their dependence on mangroves and seagrass beds.
With the association of the nursery species with mangroves and seagrass beds 
established, the final question arose to which extent the presence of nursery species on 
the coral reefs a function is of the presence of nursery habitats. To evaluate whether
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mangroves and seagrass beds in bays are obligate requirements for these fish species, 
fish densities of the seventeen nursery species were compared on reefs of Caribbean 
islands with (Ambergris Caye-Belize, Curaçao, Bonaire) and without (Saba, Klein 
Curaçao, Klein Bonaire) bays containing mangroves and seagrass beds (Chapter 7). 
Thirteen of the seventeen nursery species showed complete absence or (highly) lowered 
densities on reefs of islands without mangroves and seagrass beds. This is most likely 
explained by the absence of suitable nursery biotopes and suggest an obligate 
dependence of these species on bays containing mangroves and/or seagrass beds. The 
other four nursery species, viz. Acanthurus chirurgus, Chaetodon capistratus, 
Haemulon flavolineatum and Lutjanus mahogoni, did not show reduced densities with 
absence of nursery biotopes, most probably because they can use the shallow coral reef 
(< 3 m depth) as an alternative nursery habitat.
From the present thesis it can be concluded that mangroves and seagrass beds are 
important nurseries for at least seventeen reef fish species, and that impacts on these 
nursery biotopes may negatively affect their densities on the reef. Most of the seventeen 
nursery species are of commercial importance to the reef fisheries and diving industry. 
The linkages of fishes among biotopes are of critical importance for sustainable 
management of reef fish stocks.
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Belang van baai-biotopen in ondiep water als kraamkamers 
voor Caribische rifvissen
De eerste studie van dit proefschrift is een basisstudie die zich richt op onderzoek 
naar de ontogenetische verschuivingen in het gebruik van mangroven, zeegrasvelden en 
het aangrenzende koraalrif van een geselecteerd aantal rifvissen (Hoofdstuk 2). De 
lengte en abundantie van zestien commercieel belangrijke rifvissoorten werden 
gedurende negen maanden door middel van een visuele census overdag gekwantificeerd 
in zes verschillende biotopen op het eiland Bonaire: luchtwortels van de rode mangrove 
(Rhizophora mangle) en zeegrasvelden (Thalassia testudinum) gelegen in Lac baai, en 
vier dieptezônes (0 tot 3 m, 3 tot 5 m, 10 tot 15 m, en 15 tot 20 m) op het aangrenzende 
franjerif. Diagrammen met grootte-frequentie verdelingen voor elk van de zestien 
vissoorten in de verschillende biotopen, gaven aan dat de zeegrasvelden de belangrijkste 
kraamkamerbiotoop waren voor de juvenielen van Acanthurus chirurgus, Haemulon 
flavolineatum, H. sciurus, Ocyurus chrysurus en Sparisoma viride; de mangroven voor 
de juvenielen van Chaetodon capistratus, Lutjanus apodus, L. griseus en Sphyraena 
barracuda; en het ondiepe koraalrif voor de juvenielen van A. bahianus, Abudefduf 
saxatilis, H. chrysargyreum en L. mahogoni. Juvenielen van Acanthurus coeruleus 
gebruikten alle zes biotopen als kraamkamer, terwijl de juvenielen van Anisotremus 
surinamensis en H. carbonarium in geen enkele van de zes biotopen werden 
waargenomen. Hoewel de vissen een duidelijke voorkeur toonden voor een specifieke 
kraamkamerbiotoop, gebruiken de meeste vissen meerdere biotopen tegelijkertijd, 
waarschijnlijk omdat al deze biotopen voldoende schuilplaats boden. De vrijwel 
volledige afwezigheid van juveniele vissen op het diepere rif -  5 tot 20 m -  toont aan 
dat juvenielen in grote mate afhankelijk zijn van in ondiep water gelegen biotopen. 
Voorts was er voor de meeste vissoorten in een specifiek levensstadium een (partiële) 
ontogenetische verschuiving zichtbaar vanuit de kraamkamerbiotopen (mangroven, 
zeegrasvelden, en/of rif van 0 tot 3 m) naar het (diepe) koraalrif. Clusteranalyse gaf 
bovendien aan dat nauw aan elkaar verwante soorten binnen de families Haemulidae, 
Lutjanidae en Acanthuridae, en de verschillende grootteklassen binnen soorten, in de 
meeste gevallen een ruimtelijke scheiding vertoonden in biotoopgebruik. Dit duidt op 
het vermijden van concurrentie ten aanzien van factoren als voedsel en schuilplaats.
Met een beter inzicht in de ontogenetische verschuivingen van geselecteerde 
rifvissen tussen mangroven, zeegrasvelden en het aangrenzende koraalrif, ontstond de 
vraag wat het belang is van andere biotopen in ondiep water als kraamkamer -  naast 
mangroven en zeegrassen - voor juveniele rifvissen. Hiertoe werd een soortgelijke studie 
als op Bonaire uitgevoerd in de binnenbaai het Spaanse Water op het eiland Curaçao 
(Hoofdstuk 3). Visgegevens werden nu echter verzameld in zes verschillende biotopen 
in de baai, en op het aangrenzende rif. In deze studie werd de hele visgemeenschap 
opgenomen om zo te kunnen bepalen welke rifvissoorten de baai als kraamkamer
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gebruiken. De volgende biotopen werden in de baai geselecteerd en bestudeerd: 
mangroven, zeegrasvelden, algenvelden, geul, rotsblokken afkomstig van fossiel rif, 
brandingsnissen in fossiel rif, en vier dieptezônes op het aangrenzende koraalrif (2, 5, 
10, 15 m diepte). De vissen in de baai konden worden onderverdeeld in drie groepen: 
rifvissen die de biotopen in de baai als kraamkamer gebruiken gedurende de juveniele 
fase van hun levenscyclus (kraamkamersoorten), rifvissen die over het algemeen hun 
gehele postlarvale levenscyclus op het koraalrif doorbrengen (rifsoorten), en vissen die 
karakteristiek zijn voor binnenbaaien (baaisoorten). Er werden zeventien verschillende 
kraamkamersoorten in de baai aangetroffen: Acanthurus chirurgus, Chaetodon 
capistratus, Gerres cinereus, Haemulon flavolineatum, H. parrai, H. plumieri, H. 
sciurus, Lutjanus analis, L. apodus, L. griseus, L. mahogoni, Ocyurus chrysurus, Scarus 
coeruleus, S. iserti, S. guacamaia, Sparisoma chrysopterum, en Sphyraena barracuda. 
Juveniele kraamkamervissen waren algemeen aanwezig in alle biotopen in de baai, 
behalve in de algenvelden, maar afwezig of extreem schaars op het koraalrif. Kleine 
juvenielen van de meeste kraamkamersoorten waren het meest abundant in de 
mangroven, terwijl een deel van de grotere juvenielen zich ophield in de geul. De 
grotere individuen en/of adulten werden vrijwel altijd op het rif waargenomen. 
Verschillen in visdichtheden tussen de biotopen in de baai, waren gerelateerd aan 
verschillen in structurele complexiteit en beschikbare schuilruimte. De structuur van de 
visgemeenschap verschilde tussen de biotopen maar enige overlap was aanwezig, wat 
een uitwisseling van vissen suggereert tussen de biotopen in de baai. De dichtheden van 
verschillende kraamkamersoorten waren groter op het rif vlak bij de baai, dan op de 
riffen die verder stroomafwaarts zijn gelegen, wat suggereert dat de baai als een bron 
voor deze vissoorten functioneert.
Toen was vastgesteld dat de biotopen in de baai belangrijke kraamkamers vormen 
voor rifvissen, kwam de vraag naar voren of er door vissen verschillend gebruik 
gemaakt wordt van de biotopen gedurende dag en nacht. Hiertoe werden veranderingen 
in visdichtheid, soortenrijkdom en structuur van de visgemeenschap tussen dag en nacht 
gekwantificeerd (Hoofdstuk 4). Deze studie richtte zich op dezelfde biotopen in het 
Spaanse Water als in de eerder genoemde dagstudie. Behalve de algenvelden, toonden 
alle biotopen ’s nachts een sterke reductie in visdichtheid en soortenrijkdom vergeleken 
met overdag. Deze reductie was toe te schrijven aan vissen die overdag actief waren en 
die zich ’s nachts terugtrokken in onder andere de geul, de brandingsnissen en de 
rotsblokken. Ook de fourageermigraties van de ’s nachts actieve Haemulidae en 
Lutjanidae vanuit hun schuilplaatsen (bijv. mangroven, brandingsnissen en rotsblokken) 
naar de zeegrasvelden en deels ook de algenvelden, speelden een rol. De Haemulidae en 
Lutjanidae gebruikten voornamelijk de zeegrasvelden als voedselbiotoop in plaats van 
andere biotopen in de baai. Dit lijkt gerelateerd te zijn aan het grote voedselaanbod van 
hun geliefde voedsel (Tanaidacea, Decapoda, Copepoda, Mysidacea en Annelida) in de 
zeegrasvelden. Andere biotopen in de baai beschikten over veel lagere dichtheden van 
deze voedselsoorten.
Met een relatie gelegd tussen het gebruik van biotopen en het voedselaanbod voor
Samenvatting 145
de Haemulidae and Lutjanidae kwam de vraag naar voren of de structuur van 
voedselgilden verschilt tussen de diverse biotopen. Aangezien het gebruik van biotopen 
en voedselaanbod aan elkaar gerelateerd zijn, en aangezien het voedselaanbod verschilt 
tussen de diverse biotopen, was de verwachting dat de gildestructuur van de visfauna 
hierdoor verschilt tussen de diverse biotopen. De gegevens uit de Hoofdstukken 3 en 4 
werden gebruikt om de structuur van voedselgilden in de verschillende biotopen in de 
baai en dieptezônes op het rif te bepalen (Hoofdstuk 5). De totale visdichtheid binnen de 
verschillende voedselgilden verschilde aanzienlijk tussen de diverse biotopen, en was 
over het algemeen hoger in de biotopen op het rif en in de rotsblokken dan in de overige 
biotopen in de baai. Uit clusteranalyse bleek dat de op visdichtheden gebaseerde 
gildestructuur de grootste dissimilariteit toonde tussen de algenvelden en de andere 
biotopen, gevolgd door tussen de dieptezônes op het rif en overige biotopen in de baai 
(brandingsnissen, mangroven, zeegrasvelden, geul). Ook de structuur van de 
visgemeenschap binnen de diverse gilden verschilde aanzienlijk tussen de diverse 
biotopen. De soortenrijkdom binnen de diverse gilden verschilde veel minder tussen de 
diverse biotopen, maar was over het algemeen iets hoger in de biotopen op het rif. Uit 
clusteranalyse bleek dat de op soortenrijkdom gebaseerde gildestructuur vergelijkbaar 
was tussen de diverse biotopen. Qua aantallen werd het koraalrif gedomineerd door 
omnivoren en zoöplanktivoren, terwijl de baai werd gedomineerd door zoöbenthivoren 
en herbivoren. De verschillen in gildestructuur tussen de baai en het aangrenzende rif 
zijn zeer waarschijnlijk te verklaren door verschillen in voedselaanbod. Macro- 
evertebraten (gegeten door zoöbenthivoren) en algen en zeegras (gegeten door 
herbivoren) zijn abundant in de met nutriënten verrijkte baai, terwijl zoöplankton 
(gegeten door de zoöplanktivoren en deels door de omnivoren) vermoedelijk in hogere 
dichtheden op het rif voorkomt. Bovendien draagt de geringe aanwezigheid van koralen 
en rotsblokken in de baai mogelijk bij aan de lage dichtheid van omnivoren Deze 
omnivoren behoren voornamelijk tot de Pomacentridae die een rotsachtig substraat met 
holtes nodig hebben als schuilplaats.
Een beter inzicht in het belang van mangroven en zeegrasvelden als kraamkamers 
voor rifvissen genereerde de vraag hoe sterk de afhankelijkheid van de vissen van deze 
biotopen is. Gebruiken de kraamkamersoorten baaien met mangroven en zeegrasvelden 
alleen als kraamkamer vanwege het grote aanbod aan voedsel en de lage predatiedruk 
door roofvissen, of zijn ze ook echt afhankelijk van de schuilplaatsfunctie of andere 
voordelen die typisch zijn voor mangroven en zeegrasvelden? Hiertoe werd een studie 
uitgevoerd in elf verschillende binnenbaaien van Curaçao: zeegrasvelden in baaien met 
aanwezigheid van mangroven, zeegrasvelden in baaien zonder mangroven, 
moddervlakten in baaien met zeegras en mangroven, en moddervlakten in baaien waar 
mangroven en zeegrasvelden ontbreken (Hoofdstuk 6). De kraamkamersoorten 
vertoonden de hoogste dichtheid en soortenrijkdom in zeegrasvelden al of niet 
geassocieerd met mangroven, en in de moddervlakten met aangrenzende mangroven en 
zeegrasvelden. Ze waren echter vrijwel afwezig op de moddervlakten in baaien zonder 
deze biotopen. De hoge visdichtheid en soortenrijkdom in de moddervlakten in baaien 
met mangroven en zeegrasvelden is waarschijnlijk te verklaren door de migratie van 
vissen uit de aangrenzende mangroven/zeegrasvelden naar de moddervlakten. 
Zeegrasvelden met aangrenzende mangroven vertoonden een hogere soortenrijkdom dan
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zeegrasvelden in baaien zonder mangroven. Dit suggereert dat er een interactie bestaat 
met de mangroven wat resulteert in een toename van de soortenrijkdom. Aan de hand 
van een vergelijking van dichtheden van kraamkamersoorten tussen de verschillende 
typen zeegrasvelden en moddervlakten, gecombineerd met de resultaten van Hoofdstuk 
7, kan het volgende worden geconcludeerd: mangroven in combinatie met zeegrasvelden 
vormen zeer waarschijnlijk obligate kraamkamers voor de soorten Ocyurus chrysurus en 
Scarus iserti, zeegrasvelden vormen obligate kraamkamers voor de soorten Haemulon 
parrai, H. sciurus, Lutjanus apodus, L. griseus, Sparisoma chrysopterum en Sphyraena 
barracuda, moddervlakten gelegen naast mangroven en zeegrasvelden zijn belangrijke 
biotopen voor L. analis, en mangroven en/of zeegrasvelden vormen facultatieve 
kraamkamers voor de soorten Chaetodon capistratus, H. flavolineatum, L. mahogoni en 
Gerres cinereus. Van deze laatste vier soorten kunnen de tweede en derde soort het 
ondiepe rif als een alternatieve kraamkamer gebruiken, terwijl voor de laatste soort 
ondiepe kustgebieden, zoals binnenbaaien, een obligate kraamkamer vormen. 
Dichtheden van de overige vier kraamkamersoorten, Acanthurus chirurgus, H. plumieri, 
Scarus coeruleus en S. guacamaia waren te laag om hun afhankelijkheid van mangroven 
en zeegrasvelden vast te stellen.
De vaststelling van de associatie tussen kraamkamersoorten enerzijds en mangroven 
en zeegrasvelden anderzijds, leidde tot de laatste vraag van dit proefschrift. In welke 
mate is het voorkomen van kraamkamersoorten op het koraalrif een functie van de 
aanwezigheid van kraamkamerbiotopen? Om vast te stellen of mangroven en 
zeegrasvelden in baaien van obligaat belang zijn voor deze vissoorten, werden de 
visdichtheden van de zeventien kraamkamersoorten op het rif vergeleken tussen 
Caribische eilanden met baaien met mangroven en zeegrasvelden (Ambergris Caye- 
Belize, Curaçao, Bonaire) en eilanden zonder baaien met mangroven en zeegrasvelden 
(Saba, Klein Curaçao, Klein Bonaire) (Hoofdstuk 7). Dertien van de zeventien 
kraamkamersoorten waren afwezig of vertoonden (sterk) gereduceerde dichtheden op 
riffen van eilanden zonder mangroven en zeegrasvelden. Dit kan zeer waarschijnlijk 
worden verklaard door de afwezigheid van geschikte kraamkamerbiotopen, en 
suggereert een obligate afhankelijkheid van deze soorten van baaien met mangroven 
en/of zeegrasvelden. Vier kraamkamersoorten, Acanthurus chirurgus, Chaetodon 
capistratus, Haemulon flavolineatum en Lutjanus mahogoni, vertoonden geen verlaagde 
dichtheden op het rif bij afwezigheid van genoemde kraamkamerbiotopen, wat 
waarschijnlijk verklaard kan worden door het feit dat zij het ondiepe koraalrif (<3 m 
diepte) als alternatieve kraamkamer kunnen gebruiken.
Op basis van dit proefschrift kan geconcludeerd worden dat zeegrasvelden en 
mangroven belangrijke kraamkamergebieden vormen voor minstens zeventien soorten 
rifvissen, die in grote aantallen op het rif kunnen voorkomen en van commercieel belang 
zijn voor de rifvisserij en het duiktoerisme. Negatieve invloeden op deze 
kraamkamerbiotopen kunnen daardoor een negatief effect hebben op de dichtheden van 
deze vissen op het koraalrif. De uitwisseling van vissen tussen verschillende biotopen is 
een zeer belangrijk gegeven voor een duurzaam beheer van de vistand op het rif.
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Resümen
Importansha di habitat di bahia den awa plat 
komo kamber di brui pa piskanan di Caribe
E promé estudio dj'e proefschrift aki ta un estudio basiko ku ta dirigi su mes riba e 
kambiamentu di luga ontogenétiko den e uso di palunan di mangel, vèltnan di yerba di 
laman i e ref di koral pega ku ne dor di poko piska di laman selekta (Kapitulo 2). 
Durante nuebe luna, den dia, a konta largura i abundansha di dieseis espesie di piska di 
ref komersialmente importante pa medio di un senso visual den seis diferente habitat 
riba e isla di Boneiru: raisnan di airu di mangel kora (Rhizophora mangle) i vèltnan di 
yerb'i laman (Thalassia testudinum) situa den bahia di Lac, i kuater zona di profundidat 
(0 te 3 m, 3 te 5 m, 10 te 15 m i 15 te 20 m) riba e ref franja pega kune. Diagramnan ku 
partishon di frekuensia di grandura pa kada unu dje dieseis sorto di piskanan den e 
diferente habitatnan a mustra ku e vèltnan di yerb’i laman tabata e habitat di kamber di 
brui mas importante pa e yu di piskanan di Acanthurus chirurgus, Haemulon 
flavolineatum, H. sciurus, Ocyurus chrysurus, Sparisoma viride; e pal’i mangelnan pa e 
yunan di piska di Chaetodon capistratus, Lutjanus apodus, L. griseus i Sphyraena 
barracuda; i e ref di koral den awa plat pa yunan di piska di A. bahianus, Abudefduf 
saxatilis, H. chrysargyreum i L. mahogoni. E yunan di Acanthurus coeruleus tabata usa 
tur seis habitat komo kamber pa brui, mientras ku no a mira yunan di Anisotremus 
surinamensis i H. carbonarium den niun d'je seis habitatnan menshona. Ounke e 
piskanan tabata mustra un preferensha kla pa un habitat pa brui spesifiko, mayoria piska 
tabata hasi uso di diferente habitat pareu, probablemente pasobra tur e habitatnan aki 
tabata ofrese sufisiente kaminda pa skonde. E ousensia kasi kompletu di yunan di piska 
riba e rif mas hundu - 5 te 20 m - ta demostra ku nan ta depende gran parti di e 
habitatnan situa den awa plat. Ademas tabatin pa mayoria sorto di piska den un estadio 
spesifiko di bida un kambio ontogenétiko (partial) di luga visibel for di kamer di brui 
(palu di mangel, vèlt di yerba di laman, i/o e ref di 0 te 3 m) pa e ref di koral (mas 
hundu). Analisis di kluster a demostra fuera di esei ku e especienan ku tabatin relashon 
estrecho ku otro dentro di famiyanan Haemulidae, Lutjanidae i Acanthuridae, i e varios 
klasenan di grandura den e sortonan, tabata mustra den mayoria kaso un separashon 
spatial den uso di habitat. Esaki ta mustra ku nan ta evita kompetensha relashona ku 
faktornan manera kuminda i luga di skonde.
Ku un mihó vishon den kambio di luga ontogenétiko d'je sorto di piskanan selekta 
entre palu di mangel, vèlt di yerba di laman i e ref di koral pega kune, e pregunta a bini 
dilanti kiko ta e importansha pa yunan di piska di ref, di e otro habitatnan den awa plat 
komo kamber di brui - banda di palu di mangel i vèlt di yerba di laman. Pesei a hasi na 
Kôrsou un estudio similar na esun di Boneiru den bahia paden di Spaanse Water 
(Kapitulo 3). Awor sinembargo a kolekta datonan di piska den seis diferente habitat den 
e bahia i riba e ref pega kune. Den e estudio aki henter e populashon di piska a ser konta 
pa por fiha kwa sorto di piska ta usa e bahia komo kamber di brui. E siguiente
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habitatnan a ser selekta i studia den e bahia: palunan di mangel, vèlt di yerba di laman, 
vèlt di alga, riol hundu, baranka di piedra for de ref di fosil, nichenan den ref di fosiel 
koba pa olanan, i kwater zona di profundidat riba e ref di koral pega kune (2, 5, 10, 15 
m hundu). Por a subdividi e piskanan den bahia den tres grupo di piska: piska di ref ku 
den e fase hubenil di nan siklo di bida (espesienan di kamber di brui) ta usa e habitatnan 
den bahia komo kamber pa brui, piska di ref ku en general ta pasa henter nan siklo di 
bida despues di larva riba e ref di koral (espesie di ref), i piska ku ta karaktenstiko pa e 
behia paden (espesienan di bahia). A hana den e bahia dieshete diferente espesienan di 
kamber di brui: Acanthurus chirurgus, Chaetodon capistratus, Gerres cinereus, 
Haemulon flavolineatum, H. parrai, H. plumieri, H. sciurus, Lutjanus analis, L. apodus, 
L. griseus, L. mahogoni, Ocyurus chrysurus, Scarus coeruleus, S. iserti, S. guacamaia, 
Sparisoma chrysopterum i Sphyraena barracuda. Tabatin yunan dje piskanan aki tur 
kaminda den e bahia, eksepto den e vèltnan di alga, pero nan tabata ousente ôf hopi 
skars riba e ref di koral. E yunan chikitu di mayoria d'je espesienan di kamber di brui 
tabata mas abundante den e mangelnan, mientras ku esnan un tiki mas grandi tabata 
skonde den e riol hundu. Esnan mas grandi i/ôf adultonan kasi semper tabata riba e ref. 
E diferenshanan den abundansia di piska entre e habitatnan den e bahia, tabata relata na 
diferensia den kompleksidat struktural i luga di skonde optenibel. E struktura d'je 
populashon di piska tabata diferensha entre e habitatnan, pero tabatin un tiki overlap si, 
loke ta sugeri un interkambio di piska entre e habitatnan den e bahia. E densidatnan d'je 
diferente espesienan di kamber di brui tabata mas grandi riba e ref mas seka d'je bahia, 
ku riba e refnan mas leu, loke ta sugeri ku e bahia ta fungi komo un fuente pa e espesie 
di piskanan aki.
Ora a determina ku e habitatnan den e bahia ta forma kambernan di brui importante 
pa piskanan di ref, e pregunta a bini dilanti si tin diferensia den uso d'je habitatnan den 
dia of anochi. Pesei a konta kambionan den densidat di piska, rikesa di espesie i 
struktura d'je populashon di piska durante dia i anochi (Kapitulo 4). E estudio aki a sigui 
e mesun habitatnan den Spaanse Water ku e estudio den dia menshona promé. Fuera di e 
vèltnan di alga, tur e habitatnan tabata mustra anochi un redukshon fuerte den 
abundansia di piska i rikesa di espesie kompara ku den dia. Por a atrebui e redukshon 
aki na piskanan ku tabata aktivo den dia i ku anochi tabata retira den e.o. riol, nichenan 
koba dor di ola, i barankanan. Tambe e migrashon di buska kuminda for di e luga di 
skonde (p.e. mangel, niche i barankanan) di Haemulidae i Lutjanidae, ku ta aktivo 
anochi, pa e vèltnan di yerb'i laman i pa un parti tambe e vèltnan di alga, tabata hunga 
un rol. Haemulidae i Lutjanidae tabata usa prinsipalmente e vèltnan di yerba di laman 
komo luga pa kome na luga di otro habitatnan den e bahia. Ta parse ku esaki ta 
relashona ku e gran kantidat di e kuminda ku nan ta gusta mas tantu (Tanaidacea, 
Decapoda, Copepoda, Mysidacea i Annelida) den e vèltnan di yerb'i laman. E densidat 
d'je sorto di kumindanan aki den e otro habitatnan den e bahia tabata hopi mas abou ku 
esnan menshona promé.
Ku un relashon poné entre uso di habitat i e oferta di kuminda pa Haemulidae i 
Lutjanidae e pregunta a bini dilanti si e struktura di e komunidat di piska basa riba nan 
kuminda ta diferensha entre e varios habitatnan. Ya ku e uso di habitat i oferta di 
kuminda ta relata na otro, i ya ku tin diferensia di oferta di kuminda entre e diferente
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habitatnan, tabata di spera ku e struktura di komunidat pesei lo diferensha entre e varios 
habitatnan. A usa e datonan for di kapitulo 3 i 4 pa fiha e struktura di e komunidat di 
piska basa riba nan kuminda den e diferente habitatnan den e bahia i zona di profundidat 
riba e ref (Kapitulo 5). E densidat total di piska dentro d'je diferente komunidatnan 
tabata diferensia bastante entre e diferente habitatnan, i en general tabata mas haltu den 
e habitatnan riba ref i den e barankanan ku den e otro habitatnan den e bahia. For d'je 
analisis di kluster a resulta ku e strukture di komunidat basa riba densidat di piska tabata 
mustra e disimilaridat mas grandi entre e vèltnan di alga i e otro habitatnan, sigui pa 
entre e zonanan di profundidat riba ref i e otro habitatnan den e bahia (nichenan koba 
dor di ola, mangel, vèlt di yerba di laman, riol). Tambe e struktura d'je populashon di 
piska dentro d'je diferente komunidatnan tabata diferensha hopi entre e diferente 
habitatnan.Tabatin menos diferensha di rikesa di espesie entre diferente komunidatnan 
dentro di e habitatnan, pero en general esaki tabata un tiki mas altu den e habitatnan riba 
ref. For di analisis de kluster a resulta ku e struktura di komunidat ku ta basa riba rikesa 
di espesie tabata komparabel entre e diferente habitatnan. E ref di koral a ser domina 
qua kantidat pa piska ku ta kome tur kos i piska ku ta kome plankton, mientras ku e 
bahia tabata domina pa piska ku ta kome animal for di fondu i piska ku ta kome lima of 
yerb’i laman. E diferenshanan den strukture di komunidat entre e bahia i e ref pega kune 
por ser splika probablemente dor di diferensha den oferta di kuminda. Animal chiki sin 
wesu (komé dor di piska ku ta kome animal for di fondu) i alga i yerb’i laman (komé dor 
di piska ku ta kome lima of yerb’i laman) ta abundante den e bahia riku na nutrientes, 
mientras ku plankton (komé dor di piska ku ta kome plankton i partialmente dor di piska 
ku ta kome animal for di fondu) probablemente ta ser hanja mas tantu riba e ref. Fuera di 
esei ta posibel ku e tiki presensia di koral i baranka di pieda den a bahia ta pone ku tin 
asina poko piska ku ta kome animal for di fondu. E piskanan aki prinsipalmente ta 
pertenese na Pomacentridae, ku tin mester di hol den piedra pa skonde aden.
Un vishon mihó di importansha pa mangelnan i vèlt di yerb'i laman komo kamber di 
brui pa piska di ref a genera e pregunta kon fuerte e piskanan aki ta depende di e 
habitatnan aki. E piskanan ku ta usa kamber pa brui ta usa bahia ku mangel i vèlt di 
yerb'i laman solamente komo kamber di brui pa e gran oferta di kuminda i e poko 
preshon di predashon dor di para di rapina, of nan ta depende realmente d'je funkshon di 
luga di skonde of otro bentaha ku ta tipiko pa mangelnan i vèlt di yerba di laman? Pa e 
motibu aki a hasi un estudio na diesun diferente bahia na Korsou dividi den kuater tipo 
di habitat: vèltnan di yerb'i laman den bahia unda tin palunan di mangel, vèltnan di yerba 
di laman den bahia sin palu di mangel, sabana di lobo den bahianan ku tin yerba di 
laman i pal'i mandel aden, i sabana di lodo den bahianan kaminda no tabatin ni pal'i 
mangel ni vèlt di yerb'i laman (Kapitulo 6). E espesienan di kamber di brui tabata mustra 
e densidat i rikesa na espesie di mas haltu den vèltnan di yerb'i laman sea pega ku pal'i 
mangel of no, i den e sabananan di lodo pega ku pal'i mangel i vèlt di yerb'i laman. 
Sinembargo den e sabananan di lodo den bahianan sin e habitatnan aki nan tabata 
praktikamente ousente. E migrashon di piskanan for di pal'i mangel/vèlt di yerb'i laman 
ei seka pa e sabana di lodo probablemente por splika e densidat di piska i rikesa di 
espesie den e sabananan di lodo den e bahianan ku tin pal'i mangel i vèlt di yerb'i laman. 
Vèlt di yerb'i laman ku pal'i mangel pega kuné tabata mustra un rikesa di espesie mas 
haltu ku esnan den bahianan sin pal'i mangel. Esaki ta sugeri ku ta eksisti un interakshon
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ku e pal'i mangelnan ku tin komo resultado un oumento di rikesa di espesie. Si kompara 
densidat d'je espesienan di kamber di brui entre e diferente tipo di vèlt di yerb'i laman i 
sabana di lodo, kombina ku e resultadonan di Kapitulo 7, por yega na e siguiente 
konklushon: mangelnan den kombinashon ku vèlt di yerb'i laman probablemente ta 
forma kamer di brui obligatorio pa e espesienan Ocyurus chrysurus i Scarus iserti, 
vèltnan di yerb'i laman ta forma kamer di brui obligatorio pa e espesienan Haemulon 
parrai, H. sciurus, Lutjanus apodus, L. griseus, Sparisoma chrysopterum i Sphyraena 
barracuda, sabananan di lodo pega ku pal'i mangel i vèlt di yerb'i laman ta forma un 
habit importante pa L. analis, i mangelnan i/of vèltnan di yerb'i laman ta forma kamber d 
brui fakultativo pa e espesienan Chaetodon capistratus, H. flavolineatum, L. mahogoni, 
i Gerres cinereus. Di e delaster kuater sortonan e di dos i di tres espesienan por usa e ref 
den awa plat komo kamber di brui alternativo, mientras ku pa e delaster sorto awanan 
plat kantu di kosta, manera bahianan, ta forma un kamber di brui obligatorio. E densidat 
d'je otro kuater espesienan di kamber di brui, Acanthurus chirurgus, H. plumieri, Scarus 
coeruleus i S. guacamaia tabata demasiado abou pa por a determina nan dependensha di 
pal'i mangel i vèlt di yerb'i laman.
E determinashon d'je asosiashon entre espesienan di kamber di brui di un banda i 
mangelnan i vèlt di yerb'i laman otro banda a hiba nos na e delaster pregunta d'je 
proefschrift aki. Den ki grado e presensia di espesienan di kamber di brui riba e ref di 
koral ta un funkshon di presensia di habitat di kamber di brui? Pa determina ku 
mangelnan i vèlt di yerb'i laman ta di importansha obligatorio pa e sorto di piskanan aki, 
a kompara e densidat di piskanan pa e dieshete espesienan di kamber di brui riba e ref 
entre islanan Caribense ku tin bahia ku pal'i mangel i vèlt di yerb'i laman (Ambergris 
Caye - Belize, Curaçao, Bonaire) i islanan ku no tin bahia ku pal'i mangel i vèlt di yerb'i 
laman (Saba, Klein Curaçao, Klein Bonaire) (Kapitulo 7). Diestres d'je dieshete 
espesienan di kamber di brui tabata ousente of tabata mustra hopi menos densidat riba 
refnan dj'e islanan sin pal'i mangel i vèlt di yerb'i laman. Muy probable por splika esaki 
dor di ousensia di habitat di kamber di brui apropia, i ta sugeri un dependensia 
obligatorio d'je tipo di bahianan aki ku pal'i mangel i/of vèlt di yerb'i laman. Kuater 
espesie di kamber di brui, Acanthurus chirurgus, Chaetodon capistratus, Haemulon 
flavolineatum i Lutjanus mahogoni, no a mustra ningun rebaho di densidat ribe ref ora e 
habitat di kamber di brui menshona no tabata tei, loke probablemente por ser splika dor 
ku nan por hasi uso d'je ref di koral den awa mas plat (3 m hundu) komo kamber di brui 
alternativo.
Ku e datosnan d'je proefschrift aki por konklui ku pal'i mangel i vèlt di yerb'i laman 
ta forma areanan di kamber di brui importante pa por lo menos dieshete diferente 
espesie di piska di ref, ku por sosodé den gran kantidad riba ref i ta di importansha 
komersial pa piskeria di ref i turismo di buseo. Pesei infuensha negativo riba e habitat 
di kamber di brui por tin un efekto negativo riba e densidat d'je piskanan aki riba ref di 
koral. Interkambio di piska entre e diferente habitatnan ta un dato masha importante pa 
un maneho duradero d'je kantidat di piska riba e ref.
References 151
References
Acosta A (1997) Use of multi-mesh gillnets and trammel nets to estimate fish species 
composition in coral reef and mangroves in the southwest coast of Puerto Rico. 
Carib J Sci 33:45-57
Appeldoorn RS, Recksiek CW, Hill RL, Pagan FE, Dennis GD (1997) Marine protected 
areas and reef fish movements: the role of habitat in controlling ontogenetic 
migration. Proc 8th Int Coral Reef Symp 2:1917-1922 
Austin HM (1971) A survey of the ichtyofauna of the mangroves of western Puerto Rico 
during December, 1967 - August, 1968. Carib J Sci 11:27-39 
Baelde P (1990) Differences in the structures of fish assemblages in Thalassia 
testudinum beds in Guadeloupe, French West Indies, and their ecological 
significance. Mar Biol 105:163-173 
Bak RPM (1975) Ecological aspects of the distribution of reef corals in the Netherlands 
Antilles. Bijdr Dierk 45:181-190 
Bell JD, Westoby M (1986) Abundance of macrofauna in dense seagrass is due to 
habitat preference, not predation. Oecologia 68:205-209 
Bell JD, Pollard DA, Burchmore JJ, Pease BC, Middleton, MJ (1984) Structure of a fish 
community in a temperate tidal mangrove creek in Botany Bay, New South Wales. 
Aust J Mar Freshwater Res 35:33-46 
Birkeland C (1985) Ecological interactions between mangroves, seagrass beds, and 
coral reefs. In: Ecological interactions between tropical coastal ecosystems 
(Birkeland C, Grosenbaugh D, eds). UNEP Reg Seas Rep Stud 73:1-26 
Blaber SJM (1980) Fish of the Trinity inlet system of North Queensland with notes on 
the ecology of fish faunas of tropical Indo-Pacific estuaries. Aust J Mar Freshwater 
Res 31:137-146
Blaber SJM, Blaber TG (1980) Factors affecting the distribution of juvenile estuarine 
and inshore fish. J Fish Biol 17:143-162 
Blaber SJM, Brewer DT, Salini JP, Kerr JD, Conacher C (1992) Species composition 
and biomasses of fishes in tropical seagrasses at Groote Eylandt, Northern Australia. 
Estuar Coast Shelf Sci 35:605-620 
Blaber SJM, Milton DA (1990) Species composition, community structure and 
zoogeography of fishes of mangrove estuaries in the Solomon Islands. Mar Biol 
105:259-267
Blaber SJM (1997) Fish and fisheries of tropical estuaries. Chapman and Hall, London 
Bowen SH (1992) Quantitative description of the diet. In: Fisheries techniques (Nielsen 
LA, Johnson DL, eds). American Fisheries Society, Southern Printing Company, Inc, 
Virginia, p 325-336
Brewer DT, Blaber SJM, Salini JP, Farmer MJ (1995) Feeding ecology of predatory 
fishes from Groote Eylandt in the Gulf of Carpentaria, Australia, with special 
reference to predation on penaeid prawns. Estuar Coast Shelf Sci 40:577-600 
Carpenter KE, Miclat RI, Albaladejo VD, Corpuz VT (1981) The influence of substrate 
structure on the local abundance and diversity of Philippine reef fishes. Proc 4th Int 
Coral Reef Symp 2:497-502
152 References
Carr WES, Adams CA (1973) Food habits of juvenile marine fishes occupying seagrass 
beds in the estuarine zone near Crystal River, Florida. Trans Amer Fish Soc 
102:511-540
Cheal AJ, Thompson AA (1997) Comparing visual counts of coral reef fish: 
implications of transect width and species selection. Mar Ecol Prog Ser 158:241-248 
Collette BB, Talbot FH (1972) Activity patterns of coral reef fishes with emphasis on 
nocturnal-diurnal changeover. Bull Nat His Mus LA County 14:98-124 
Dalzell P (1996) Catch rates, selectivity and yields of reef fishing. In: Reef fisheries 
(Polunin NVC, Roberts CM, eds). Chapman and Hall, London, p 161-192 
de Buisonjé PH, Zonneveld JIS (1960) De kustvormen van Curaçao, Aruba en Bonaire. 
Nat Sci Study Group Netherlands Antilles 11:1-24 + 7 plates. Martinus Nijhoff, ‘s- 
Gravenhage
de Haan D, Zaneveld JS (1959) Some notes on tides in Annabaai harbour, Curaçao, 
Netherlands Antilles. Bull Mar Sci Gulf Carib 9:224-236 
De Sylva DP (1963) Systematics and life-history of the great barracuda Sphyraena 
barracuda (Walbaum). Stud Trop Oceanogr 1:1-179 
Debrot AO, Nagelkerken I (1997) A rare mass recruitment of the balloonfish (Diodon 
holocanthus L.) in the leeward Dutch Antilles, 1994. Carib J Sci 33:284-286 
English S, Wilkinson C, Baker V (1994) Survey manual for tropical marine resources. 
ASEAN-Australia marine science project: living coastal resources. Australian 
Institute of Marine Science, Townsville, p 68-80 
Gerking SD (1994) Feeding ecology of fish. Academic Press, San Diego 
Ginsburg RN (1994) Proceedings of the colloquium on global aspects of coral reefs: 
health, hazards, and history, 1993. Rosenstiel School of Marine and Atmospheric 
Science, University of Miami 
Gladfelter WB, Gladfelter EH (1978) Fish community structure as a function of habitat 
structure on West Indian patch reefs. Rev Biol Trop 26 (Suppl 1):65-84 
Gladfelter WB, Ogden JC, Gladfelter EH (1980) Similarity and diversity among coral 
reef fish communities: a comparison between tropical western Atlantic (Virgin 
Islands) and tropical central Pacific (Marshall Islands) patch reefs. Ecology 61: 
1156-1168
Goldman B, Talbot FH (1976) Aspects of the ecology of coral reef fishes. In: Biology 
and geology of coral reefs. Vol III: Biol 2 (Jones OA, Endean R, eds). Academic 
Press, New York, p 125-154 
Heald EJ, Odum WE (1970) The contribution of mangrove swamps to Florida fisheries.
Proc Gulf Carib Fish Inst 22:130-135 
Helfman GS, Meyer JL, McFarland WN (1982) The ontogeny of twilight migration 
patterns in grunts (Pisces, Haemulidae). Anim Behav 30:317-326 
Hellier TR (1958) The drop-net quadrat, a new population sampling device. Publ Inst 
Mar Sci Univ Texas 5:165-168 
Hobson ES (1965) Diurnal-nocturnal activity of some inshore fishes in the Gulf of 
California. Copeia 1965(3):291-302 
Hobson ES (1973) Diel feeding migrations in tropical reef fishes. Helgol wiss 
Meeresunters 24:361-370
References 153
Houde ED, Potthoff T (1976) Egg and larval development of the Sea bream 
Archosargus rhomboidalis (Linnaeus): Pisces, Sparidae. Bull Mar Sci 26:506-529 
Jones GP, Ferrell DJ, Sale PF (1991) Fish predation and its impact on the invertebrates 
of coral reefs and adjacent sediments. In: The ecology of fishes on coral reefs (Sale 
FP, ed). Academic Press, San Diego, p 156-179 
Kuenen MMCE, Debrot AO (1995) A quantitative study of the seagrass and algal 
meadows of the Spaanse Water, Curaçao, The Netherlands Antilles. Aquat Bot 
51:291-310
Lenanton RCJ (1982) Alternative non-estuarine nursery habitats for some commercially 
and recreationally important fish species of south-western Australia. Aust J Mar 
Freshw Res 33:881-900 
Lewis FG, Stoner AW (1983) Distribution of macrofauna within seagrass beds: an 
explanation for patterns of abundance. Bull Mar Sci 33:296-304 
Lewis SM, Wainwright PC (1985) Herbivore abundance and grazing intensity on a 
Caribbean coral reef. J Exp Mar Biol Ecol 87: 215-228 
Little MC, Reay PJ, Grove SJ (1988) The fish community of an East African mangrove 
creek. J Fish Biol 32:729-747 
Livingston RJ (1982) Trophic organization of fishes in a coastal seagrass system. Mar 
Ecol Prog Ser 7:1-12
Luckhurst BE, Luckhurst K (1978) Analysis of the influence of substrate variables on 
coral reef fish communities. Mar Biol 49:317-323 
McAfee ST, Morgan SG (1996) Resource use by five sympatric parrotfishes in the San 
Blas Archipelago, Panama. Mar Biol 125:427-437 
McFarland WN (1980) Observations on recruitment in haemulid fishes. Proc Gulf Carib 
Fish Inst 32:132-138
McFarland WN, Ogden JC, Lythgoe JN (1979) The influence of light on the twilight 
migrations of grunts. Env Biol Fish 4:9-22 
Morton RM (1990) Community structure, density and standing crop of fishes in a 
subtropical Australian mangrove area. Mar Biol 105:385-394 
Munro JL (1983) Caribbean coral reef fishery resources. ICLARM Stud Rev 7:1-276 
Munro JL (1996) The scope of tropical reef fisheries and their management. In: Reef 
fisheries (Polunin NVC, Roberts CM, eds). Chapman and Hall, London, p 1-14 
Nagelkerken I, Dorenbosch M, Verberk WCEP, Cocheret de la Morinière E & van der 
Velde G (2000a) Day-night shifts of fishes between shallow-water biotopes of a 
Caribbean bay, with emphasis on the nocturnal feeding of Haemulidae and 
Lutjanidae. Mar Ecol Prog Ser 194: 55-64 
Nagelkerken I, Dorenbosch M, Verberk WCEP, Cocheret de la Morinière E, van der 
Velde G (2000b). Importance of shallow-water biotopes of a Caribbean bay for 
juvenile coral reef fishes: patterns in biotope association, community structure and 
spatial distribution. Mar Ecol Prog Ser in press 
Nagelkerken I, Kleijnen S, Klop T, van den Brand RACJ, Cocheret de la Morinière E, 
van der Velde G (submitted a) Are mangroves and seagrass beds obligate or 
facultative nurseries for reef fishes? A comparison of fish faunas between bays with 
and without mangroves/seagrass beds.
154 References
Nagelkerken I, Roberts CM, van der Velde G, Dorenbosch M, van Riel MC, Cocheret 
de la Morinière E, Nienhuis PH (submitted b) Mangroves and seagrass beds are 
obligate nursery habitats for several commercially important reef fish species. 
Nagelkerken I, van der Velde G, Gorissen MW, Meijer GJ, van‘t Hof T, den Hartog C 
(2000c) Importance of mangroves, seagrass beds and the shallow coral reef as a 
nursery for important coral reef fishes, using a visual census technique. Estuar Coast 
Shelf Sci in press
Nagelkerken WP (1974) On the occurrence of fishes in relation to corals in Curaçao.
Stud Fauna Curaçao Carib Isl 45:118-141 
Odum WE, Heald EJ (1972) Trophic analyses of an estuarine mangrove community.
Bull Mar Sci 22:671-738 
Ogden JC, Buckman NS (1973) Movements, foraging groups, and diurnal migrations of 
the striped parrotfish Scarus croicensis Bloch (Scaridae). Ecology 54:589-596 
Ogden JC, Ehrlich PR (1977) The behavior of heterotypic resting schools of juvenile 
grunts (Pomadasyidae). Mar Biol 42:273-280 
Ogden JC, Gladfelter EH (1983) Coral reefs, seagrass beds, and mangroves: their 
interaction in the coastal zones of the Caribbean. UNESCO Rep Mar Sci 23:1-133 
Ogden JC, Zieman JC (1977) Ecological aspects of coral reef-seagrass bed contacts in 
the Caribbean. Proc 3rd Int Coral Reef Symp 1:377-382 
Ogden NB, Gladfelter WG, Ogden JC, Gladfelter EH (1985) Marine and terrestrial flora 
and fauna notes on Sombrero Island in the Caribbean. Atoll Res Bull 292:61-74 
Orth RJ, Heck KL, van Montfrans J (1984) Faunal communities in seagrass beds: a 
review of the influence of plant structure and prey characteristics on predator-prey 
relationships. Estuaries 7:339-350 
Parrish JD (1989) Fish communities of interacting shallow-water habitats in tropical 
oceanic regions. Mar Ecol Prog Ser 58:143-160 
Parrish JD, Zimmerman RJ (1977) Utilization by fishes of space and food resources on 
an offshore Puerto Rican coral reef and its surroundings. Proc 3rd Int Coral Reef 
Symp 1:297-303
Perret WS, Caillouet CW (1974) Abundance and size of fishes taken by trawling in 
Vermilion Bay, Louisiana. Bull Mar Sci 24:52-75 
Pinto L, Punchihewa NN (1996) Utilisation of mangroves and seagrasses by fishes in the 
Negombo Estuary, Sri Lanka. Mar Biol 126:333-345 
Pollard DA (1984) A review of ecological studies on seagrass-fish communities, with 
particular reference to recent studies in Australia. Aquat Bot 18:3-42 
Polunin NVC, Roberts CM (1993) Greater biomass and value of target coral-reef fishes 
in two small Caribbean marine reserves. Mar Ecol Prog Ser 100:167-176 
Quinn NJ, Kojis BJ (1985) Does the presence of coral reefs in proximity to a tropical 
estuary affect the estuarine fish assemblage? Proc 5th Int Coral Reef Congr 5:445­
450
Randall JE (1963) An analysis of the fish populations of artificial and natural reefs in the 
virgin islands. Carib J Sci 3:31-46 
Randall JE (1967) Food habits of reef fishes in the West Indies. Stud Trop Oceanogr 
5:665-847
References 155
Robblee MB, Zieman JC (1984) Diel variation in the fish fauna of a tropical seagrass 
feeding ground. Bull Mar Sci 34:335-345 
Roberts CM (1996) Settlement and beyond: population regulation and community 
structure of reef fishes. In: Reef fisheries (Polunin NVC, Roberts CM, eds), p 85-112 
Robertson AI, Blaber SJM (1992) Plankton, epibenthos and fish communities. In: 
Tropical mangrove ecosystems (Robertson AI, Alongi DM, eds). Coastal Estuar Stud 
41:173-224
Robertson AI, Duke NC (1987) Mangroves as nursery sites: comparisons of the 
abundance and species composition of fish and crustaceans in mangroves and other 
nearshore habitats in tropical Australia. Mar Biol 96:193-205 
Rooker JR, Dennis GD (1991) Diel, lunar and seasonal changes in a mangrove fish 
assemblage off southwestern Puerto Rico. Bull Mar Sci 49:684-698 
Rozas LP, Minello TJ (1998) Nekton use of salt marsh, seagrass, and nonvegetated 
habitats in a south Texas (USA) estuary. Bull Mar Sci 63:481-501 
Sale PF (1991) The ecology of fishes on coral reefs. Academic Press, San Diego 
Sbikin YN (1977) Changes in the behavior of some fish from the Cuban shelf during 
morning and evening twilight. J Ichthyol 17:785-790 
Sedberry GR, Carter J (1993) The fish community of a shallow tropical lagoon in 
Belize, Central America. Estuaries 16:198-215 
Shepherd SA, McComb AJ, Bulthuis DA, Neverauskas V, Steffensen DA, West R 
(1989) Decline of seagrasses. In: Biology of seagrasses (Larkum AWD, McComb 
JA, Shepherd SA, eds). Elsevier, Amsterdam, p 346-393 
Sheridan PF (1992) Comparative habitat utilization by estuarine macrofauna within the 
mangrove ecosystem of Rookery Bay, Florida. Bull Mar Sci 50:21-39 
Shulman MJ (1985) Recruitment of coral reef fishes: effects of distribution of predators 
and shelter. Ecology 66:1056-1066 
Shulman MJ, Ogden JC (1987) What controls tropical reef fish populations: recruitment 
or benthic mortality? An example in the Caribbean reef fish Haemulon 
flavolineatum. Mar Ecol Prog Ser 39:233-242 
Smith CL (1997) National Audubon Society field guide to tropical marine fishes of the 
Caribbean, the Gulf of Mexico, Florida, the Bahamas, and Bermuda. AA Knopf, 
New York
Sogard SM, Powell GVN, Holmquist JG (1987) Epibenthic fish communities on Florida 
Bay banks: relations with physical parameters and seagrass cover. Mar Ecol Prog Ser 
40:25-39
Sokal RR, Michener CD (1958) A statistical method for evaluating systematic 
relationships. Kans Univ Sci Bull 38:1409-1438 
Sokal RR, Rohlf FJ (1995) Biometry, 3rd edn. WH Freeman and Company, New York 
Spalding MD (1998) Patterns of biodiversity in coral reefs and mangroves: global and 
local scales. PhD thesis, University of Cambridge, UK 
Springer VG, McErlean AJ (1962) Seasonality of fishes on a south Florida shore. Bull 
Mar Sci Gulf Carib 12:39-60 
Starck WA, Davis WP (1966) Night habits of fishes of Alligator reef, Florida. Ichthyol 
Aquarium J 38:313-356
156 References
Starck WA, Schroeder RE (1971) Investigations on the gray snapper, Lutjanus griseus.
Stud Trop Oceanogr 10:1-224 
Stoner AW (1980) The role of seagrass biomass in the organization of benthic 
macrofaunal assemblages. Bull Mar Sci 30:537-551 
Stoner AW (1983) Distribution of fishes in seagrass meadows: role of macrophyte 
biomass and species composition. Fish Bull 81:837-846 
Stoner AW (1986) Community structure of the demersal fish species of Laguna Joyuda, 
Puerto Rico. Estuaries 9:142-152 
SYSTAT (1990) SYSTAT: Statistics, version 5.04. SYSTAT, Inc, Evanston, Illinois 
ter Braak CJF, Smilauer P (1998) Reference manual and user's guide to Canoco for 
Windows: Software for canonical community ordination (version 4). Microcomputer 
Power, Ithaca, New York 
Thayer GW, Colby DR, Hettler WF (1987) Utilization of the red mangrove prop root 
habitat by fishes in south Florida. Mar Ecol Prog Ser 35:25-38 
Thollot P, Kulbicki M (1988) Overlap between the fish fauna inventories of coral reefs, 
soft bottoms and mangroves in Saint-Vincent Bay (New Caledonia). Proc 6th Int 
Coral Reef Symp 2:613-618 
Thollot P (1992) Importance of mangroves for Pacific reef fish species, myth or reality?
Proc 6th Int Coral Reef Symp 2:934-941 
Thompson AA, Mapstone BD (1997) Observer effects and training in underwater visual 
surveys of reef fishes. Mar Ecol Prog Ser 154:53-63 
Thresher RE, Colin PL (1986) Trophic structure, diversity and abundance of fishes of 
the deep reef (30-300 m) at Enewetak, Marshall Islands. Bull Mar Sci 38:253-272 
Tzeng W-N, Wang Y-T (1992) Structure, composition and seasonal dynamics of the 
larval and juvenile fish community in the mangrove estuary of Tanshui River, 
Taiwan. Mar Biol 113:481-490 
van der Velde G, Gorissen MW, den Hartog C, van‘t Hof T, Meijer GJ (1992) 
Importance of the Lac-lagoon (Bonaire, Netherlands Antilles) for a selected number 
of reef fish species. Hydrobiol 247:139-140 
van der Velde G, van Avesaath PH, Ntiba MJ, Mwatha GK, Marguillier S, Woitchik A­
F (1995) Fish fauna of mangrove creeks, seagrass meadows and sand flats in Gazi 
Bay, Kenya (Indian Ocean): a study with nets and stable isotopes. In: Monsoons and 
coastal ecosystems in Kenya (Heip CHR, Hemminga MA, de Bie MJM, eds). Neth 
Indian Ocean Progr Cruise Rep 5:39-50 
van Duyl FC (1985) Atlas of the living reefs of Curaçao and Bonaire (Netherlands 
Antilles). Found Sci Res Surinam Netherlands Antilles 117:1-37 + 41 plates, 
Utrecht
van Moorsel GWNM, Meijer AJM (1993) Base-line ecological study van het Lac op 
Bonaire. Bureau Waardenburg bv, Culemborg, The Netherlands 
Weinstein MP, Heck KL (1979) Ichtyofauna of seagrass meadows along the Caribbean 
coast of Panama and in the Gulf of Mexico: composition, structure and community 
ecology. Mar Biol 50:97-107
References 157
Williams DMcB, Hatcher AI (1983) Structure of fish communities on outer slopes of 
inshore, mid-shelf and outer shelf reefs of the Great Barrier Reef. Mar Ecol Prog Ser 
10:239-250
Wishart D (1978) CLUSTAN user manual. Programme Library Unit, Edinburgh 
University, Edinburgh 
Yanez-Arancibia A, Lara-Dominguez AL, Rojas-Galaviz JL, Sanchez-Gil P, Day JW, 
Madden CJ (1988) Seasonal biomass and diversity of estuarine fishes coupled with 
tropical habitat heterogeneity (southern Gulf of Mexico). J Fish Biol 33 (Suppl 
A):191-200

Acknowledgements 159
Acknowledgements
The last 2.5 years have been of great pleasure to me while working on this PhD- 
thesis! This very interesting project has been made possible by contributions of various 
organisations and people.
First of all I would like to thank World Wildlife Fund-The Netherlands, KNAP 
Fonds Nederlandse Antillen, Prins Bernhard Fonds Nederlandse Antillen en Aruba, and 
Beijerinck-Popping Fonds for funding various parts of my PhD research. I also thank the 
Carmabi Foundation and Curaçao Underwater Park for supporting the project by 
providing office space, use of laboratory facilities and a small Boston Whaler for the 
field work.
I am grateful to my supervisor and co-promotor Prof. Gerard van der Velde for his 
guidance and friendship. He was always there when I needed him and helped with many 
things. I could always count on a fast correction on my manuscripts and valuable 
suggestions on their improvement. As a friend I also had a great time with him, and we 
could always laugh together. I would also like to thank Prof. Piet Nienhuis for being my 
promotor and for his comments and suggestions on the manuscripts.
I am indebted to the personnel of the Carmabi Foundation. I thank the director Dr. 
Woti Bakhuis for enabling me to execute various project under auspices of Carmabi. 
The scientific director Dr. Dolfi Debrot was always helpful in many ways. I thank him 
for his encouragement and exchange of ideas on my thesis. I also think back with great 
joy of our fishing trips at night, where we caught several of the fish species which I 
studied during day-time. These quiet and relaxing nights under an almost full moon gave 
me an opportunity to create ideas on my research, and were rewarded afterwards by 
fresh fish. Also my other colleagues at Carmabi, Leon Pors, Frank Isabela, Oscar Frans, 
Klaas Dekker, Swinda Sambre, John de Freitas, Frank Zimmerman, Bryan Leysner, 
Kees van Dongen, Egbert Lauf, Victoria Chirino, Elsio Gosepa, and Anna Rojer always 
made my stay there enjoyable. Swinda kindly translated the summary from Dutch to 
Papiamentu. Pa tur hende di Carmabi: mi a gosa hopi ku bosonan durante tur e ananan!
My students Martijn Dorenbosch, Wilco Verberk, Sarah Kleijnen, Tanja Klop, and 
Remy van den Brand have made a great contribution to my research. I had a lot of fun 
with them during the field-work and thank them for their friendship and for bearing my 
many songs and rhymes during the field work. I also want to thank Lina Lindgren, 
Felipe Gaitan, Mariëlle van Riel and Frank Zimmerman for their excellent help with 
parts of the field work.
Additional funding to students in support of my thesis was received from Beijerinck- 
Popping Fonds, Stichting Nijmeegs Universitair Fonds (SNUF), Stichting Werkgroep 
Studiereizen Ontwikkelingslanden, and Natuurwetenschappelijke Studiekring voor 
Suriname en de Nederlandse Antillen. Furthermore, Prins Bernhard Fonds Nederlandse 
Antillen en Aruba provided funding to attend the 29th Scientific Meetings of the 
Association of Marine Laboratories of the Caribbean in Cumana, Venezuela, where I 
could present a part of my thesis.
I would like to thank my counter-part Elroy Cocheret de la Morinière for all his 
cooperation, exchange of ideas, help with field work and comments on the manuscripts.
160 Acknowledgements
I also thank Dr. John Ogden and Kenny Buchan for their exchange of ideas, and Dr. 
Callum Roberts for his participation in the project. I would also like to thank Dr. Mario 
de Kluijver for always willing to do CLUSTAN analyses for me. Marieke van Katwijk 
helped me with the Canoco analyses and Dr. Bill Winkel kindly made his pier and shed 
available at the Spanish Water Bay.
There are a number of other people I would also like to thank for their friendship, 
each in their own way: Nathalie Merkies & Stefan Vaes, Ralph Doest, Barbie Jeuken, 
Selene Balentien & Patrick, Lisanne Aerts & Peter van der Wolf, Lina Lindgren & Peter 
Engelen, Jan Tom Schneider & Marjan Saarloos, Derk & Femia Cools, Larissa Römer, 
Faye Nisbeth, Paul Torres & Farien Larmonie, Brian & Mieke Sylvania, Giovanni 
Boelbaai, Wil Nagelkerken, Miling Nagelkerken, Naomi Nagelkerken, Roderick 
Nagelkerken, Lydia, Janet Nagelkerken, Marivic Nagelkerken, Dmitri Nagelkerken, 
Greetje & Opa Schuringa, Yvonne Wiltjer, Jane Sewsaran, Peter John Jonkers, Janke & 
Willem & kids Riedijk, Eric & Yolanda Wederfoort, Ben Paffen, Martin Versteeg, 
Willy van der Velde, Kenny & Marge Buchan, Mark & Michella Frans, Chris Jager, 
Gert-Jan Gast, Maria Clementina, Theo van der Giessen & Agnes Cobelens, Edwin 
Kardinaal, all players of the volleyball team Wata, especially Mohan Morris & trainer 
Kiez Manuela, my basketball mates Glenn Matroos & Pierre, all employees of the 
Representation of The Netherlands in the Netherlands Antilles, and all other people 
which I have forgotten.
I would further like to thank Garriet Smith, Kim Ritchie, Tom Goreau, Raymond 
Hayes and James Cervino for being able to participate in different studies on diseases of 
marine invertebrates. This research always was a welcome change to my own research 
and I enjoyed the shared moments we had on the different meetings and symposia.
Last but not least, I thank my wife Marianne for all her support during my research. 
She always stimulated me in difficult times and was enthusiastic about my studies, but 
also provided critical comments. As they say in Dutch: behind a successful man stands a 
strong woman!
List of publicaations 161
List of publications
CARICOMP: Wiebe WJ, Gerace DT, Flowers L, Johnson L, Ward C, Oxenford H, 
Parker C, Tschirky J, Smith SR, Ellison J, De Meyer K, Bush P, Garzón-Ferreira J, 
Nivia J, Pors LPJJ, Nagelkerken IA, Geraldes FX, Ramirez J, Herrera-Silveira J, 
Sanchez-Arguelles RD, Garcia JR, Alleng G, Bonair K, Laydoo R, Varela R, Klein 
E, Bone D, Perez D, Linton D (1997) Structure and productivity of mangrove forests 
in the greater Caribbean region. Proceedings o f  the 8th International Coral Reef 
Symposium 1:669-672 
CARICOMP: Woodley JD, Bone D, Buchan K, Bush P, De Meyer K, Garzón-Ferreira 
J, Gayle P, Gerace DT, Grober L, Klein E, Koltes K, Losada F, McField MD, 
McGrath T, Mendes JM, Nagelkerken I, Ostrander G, Pors LPJJ, Rodriguez A, 
Rodriguez R, Ruiz-Renteria F, Smith G, Tschirky J, Alcolado P, Bonair K, Garcia 
JR, Geraldes FX, Guzman H, Parker C, Smith SR (1997) Studies on Caribbean coral 
bleaching, 1995-96. Proceedings o f  the 8th International Coral Reef Symposium 
1:673-678
CARICOMP: Zieman J, Penchaszadeh P, Ramirez JR, Perez D, Bone D, Herrera- 
Silveira J, Sanchez-Arguelles RD, Zuniza D, Martinez B, Bonair K, Alcolado P, 
Laydoo R, Garcia JR, Garzón-Ferreira J, Diaz G, Gayle P, Gerace DT, Smith G, 
Oxenford H, Parker C, Pors LPJJ, Nagelkerken IA, van Tussenbroek B, Smith SR, 
Varela R, Koltes K, Tschirky J (1997) Variation in ecological parameters of 
Thalassia testudinum across the CARICOMP network. Proceedings o f  the 8th 
International Coral R eef Symposium 1:663-668 
Cervino J, Goreau T, Smith G, DeMeyer K, Nagelkerken I, Hayes R (1997) Fast 
spreading new Caribbean coral disease. R eef Encounter 22:16-18 
Cervino JM, Goreau TJ, Hayes RL, Kaufman L, Nagelkerken I, Patterson K, Porter JW, 
Smith GW, Quirolo C (1998) Coral disease. Science 280:499-500 
Cervino J, Goreau TJ, Nagelkerken I, Smith G, Hayes R (2000) Yellow Band and Dark 
Spot disease syndromes in Caribbean corals: distribution, rate of spread, histology, 
and effects on zooxanthellae abundance and division rates. Hydrobiologia in press 
Debrot AO, Nagelkerken I (1997) A rare mass recruitment of the balloonfish (Diodon 
holocanthus L.) in the leeward Dutch Antilles, 1994. Caribbean Journal o f  Science 
33:284-286
Debrot AO, Nagelkerken I (2000) User perceptions on coastal resource state and 
management options in Curaçao. Revista de Biologia Tropical in press 
Goreau TJ, Bruckner AW, Cervino J, Hayes RL, Nagelkerken I, Porter JW, Porter KG, 
Richardson LL, Santavy DL, Smith GW, Williams EH (1997) Assessing coral reef 
health. Science 277:165-166 
Goreau TJ, Cervino J, Goreau M, Hayes R., Hayes M, Richardson L, Smith G, DeMeyer 
K, Nagelkerken I, Garzón-Ferreira J, Gil D, Peters EC, Garrison G, Williams EH, 
Bunkley-Williams L, Quirolo C, Patterson K, Porter JW, Porter K (1998) Rapid 
spread of diseases in Caribbean coral reefs. Revista de Biologia Tropical 46, 
Supplement 5:157-171
162 List of publications
Nagelkerken I (compiler) (1991) Coral reef ecology. Interuniversity course Fundamental 
and Applied Marine Ecology (FAME). Free University Brussels 
Nagelkerken I (1994) Oostpunt: een bijzonder stuk ongerepte natuur. Amigoe, Napa, 
Saturday 10 September 1994:7 
Nagelkerken I (1995) A dive into history. Alliance du Bon Gôut 1:4-6 
Nagelkerken IA, Debrot AO (1995) Mollusc communities of tropical rubble shores of 
Curaçao: long-term (7+ years) impacts of oil pollution. Marine Pollution Bulletin 
30:592-598
Nagelkerken I, Buchan K, Smith GW, Bonair K, Bush P, Garzón-Ferreira J, Botero L, 
Gayle P, Harvell CD, Heberer C, Kim K, Petrovic C, Pors L, Yoshioka P (1997) 
Widespread disease in Caribbean sea fans: II. Patterns of infection and tissue loss. 
Marine Ecology Progress Series 160:255-263 
Nagelkerken I, Buchan K, Smith GW, Bonair K, Bush P, Garzón-Ferreira J, Botero L, 
Gayle P, Heberer C, Petrovic C, Pors L, Yoshioka P (1997) Widespread disease in 
Caribbean sea fans: I. Spreading and general characteristics. Proceedings o f the 8th 
International Coral R eef Symposium 1:679-682 
Nagelkerken I, van der Velde G, van Avesaath PH (1997) A description of the skeletal 
development pattern of the temperate coral Caryophyllia smithi based on internal 
growth lines. Journal o f  the Marine Biological Association o f the United Kingdom 
77:375-387
Nagelkerken I, Bak RPM (1998) Differential regeneration of artificial lesions among 
sympatric morphs of the Caribbean corals Porites astreoides and Stephanocoenia 
michelinii. Marine Ecology Progress Series 163:279-283 
Nagelkerken I (1999) Concept zoneringsplan Spaanse Water. Unpublished Carmabi 
report
Nagelkerken I (1999) Importance of shallow-water biotopes of the Spanish Water 
lagoon as a nursery for juvenile coral reef fishes. Unpublished Carmabi report 
Nagelkerken I (1999) Projectdossier rifherstel Seaquarium-rif. Unpublished Reef Care 
Curaçao report
Nagelkerken I, Meesters EH, Bak RPM (1999) Depth-related variation in regeneration 
of artificial lesions in the Caribbean corals Porites astreoides and Stephanocoenia 
michelinii. Journal o f  Experimental Marine Biology and Ecology 234:29-39 
Nagelkerken I, Smith GW, Snelder E, Karel M, James S (1999) Sea urchin Meoma 
ventricosa die-off in Curaçao (Netherlands Antilles) associated with a pathogenic 
bacterium. Diseases o f  Aquatic Organisms 38:71-74 
Nagelkerken I (1999) Analysis of fish and bottom fauna. In: (Kardinaal WEA) Inventory 
of marine biological values and environmental parameters in the Sint Jorisbaai, 
Curaçao (N.A.). Unpublished Carmabi report 
Nagelkerken I (2000) Belang van Curaçaose binnenwateren als broedkamer voor 
koraalrifvissen. Unpublished Carmabi report 
Nagelkerken I (2000) Het Spaanse Water: broedkamer voor rifvissen. Bon Bini Bode, 
januari 2000: 8-9
Nagelkerken I (2000) Importance of shallow-water bay biotopes as nurseries for 
Caribbean reef fishes. PhD thesis, University of Nijmegen, The Netherlands.
List of publicaations 163
Nagelkerken I, Bouma S, van den Akker S, Bak RPM (2000) Growth and survival of 
unattached Madracis mirabilis fragments transplanted to different reef sites, and the 
implication for reef rehabilitation. Bulletin o f  Marine Science 66: 497-505 
Nagelkerken I, Dorenbosch M, Verberk WCEP, Cocheret de la Morinière E, van der 
Velde G (2000) Day-night shifts of fishes between shallow-water biotopes of a 
Caribbean bay, with emphasis on the nocturnal feeding of Haemulidae and 
Lutjanidae. Marine Ecology Progress Series 194: 55-64 
Nagelkerken I, Dorenbosch M, Verberk WCEP, Cocheret de la Morinière E, van der 
Velde G (2000) Importance of shallow-water biotopes of a Caribbean bay for 
juvenile coral reef fishes: patterns in biotope association, community structure and 
spatial distribution. Marine Ecology Progress Series in press 
Nagelkerken I, van der Velde G, Gorissen MW, Meijer GJ, van‘t Hof T, den Hartog C 
(2000) Importance of mangroves, seagrass beds and the shallow coral reef as a 
nursery for important coral reef fishes, using a visual census technique. Estuarine, 
Coastal and Shelf Science in press 
Nagelkerken I, Aerts L, Pors L (submitted) Mortality of a giant barrel sponge in 
Curaçao, Netherlands Antilles.
Nagelkerken I, Kleijnen S, Klop T, van den Brand RACJ, Cocheret de la Morinière E, 
van der Velde G (submitted) Are mangroves and seagrass beds obligate or 
facultative nurseries for reef fishes? A comparison of fish faunas between bays with 
and without mangroves/seagrass beds.
Nagelkerken I, Pors LPJJ, Hoetjes P (submitted) Swimming behaviour, dispersal 
patterns, and orientation cues in released captive-reared loggerhead turtles (Caretta 
caretta L.).
Nagelkerken I, Roberts CM, van der Velde G, Dorenbosch M, van Riel MC, Cocheret 
de la Morinière E, Nienhuis PH (submitted) Mangroves and seagrass beds are 
obligate nursery habitats for several commercially important reef fish species. 
Nagelkerken I, van der Velde G, Cocheret de la Morinière E (submitted) Structure of 
fish feeding guilds along a gradient of bay biotopes and coral reef depth zones. 
Nagelkerken I, Wiltjer GAMT, Debrot AO, Pors LPJJ (submitted) Baseline study of 
submerged marine debris at beaches in Curaçao, West Indies.
Pors LPJJ, Nagelkerken IA (1998) Curaçao, Netherlands Antilles. In: Kjerfve B (ed) 
CARICOMP - Caribbean coral reef, seagrass and mangrove sites. Coastal region and 
small island papers 3:127-139. UNESCO, Paris 
Ritchie KB, Nagelkerken I, James S, Smith GW (2000) A tetrodotoxin-producing 
marine pathogen. Nature 404:354 
Smith GW, Ives LD, Nagelkerken IA, Ritchie KB (1996) Caribbean sea fan mortalities. 
Nature 383:487
van't Hof T, Debrot AO, Nagelkerken I (1995) Curaçao Marine Management Zone - A 
draft plan for consultation. Curaçao Tourism Development Bureau (CTDB) and 
Netherlands Antilles National Parks Foundation (STINAPA)

Curriculum vitae 165
Curriculum vitae
Ivan Nagelkerken was born on 19 June 1970 in Curaçao, Netherlands Antilles. After 
finishing elementary and secondary school in Curaçao and graduating for his elementary 
teaching degree in biology, he moved to The Netherlands to study at the university. 
From September 1988 to September 1989 he studied aerospace engineering at the 
Technical University of Delft, from October 1989 to December 1991 aquatic ecology at 
the University of Nijmegen, and from January 1992 to April 1994 marine biology at the 
University of Groningen. From June to July 1992 he participated in a field expedition of 
the Netherlands Indian Ocean Programme 1990-1995 in Gazi Bay, Kenya, which was 
focussed on the importance of mangroves and seagrass beds for coral reef fishes. During 
his studies in the Netherlands he frequently came back to Curaçao where he worked on 
part-time basis as an assistant dive instructor at Divingschool Wederfoort, and as an 
assistant marine-archaeologist at the Archaeological and Anthropological Institute of the 
Netherlands Antilles. He participated in several archaeological expeditions to Bonaire, 
St. Maarten, and St. Eustatius. After graduating from the university he worked from June 
1994 to July 1996 as an assistant park manager for the Curaçao Underwater Park and as 
a marine ecologist for the Carmabi Foundation. From August 1996 to July 1997 he 
worked for the University of Amsterdam on a project studying the ecology of reef corals 
(Madracis spp.) in Curaçao. From September 1997 to February 2000 he did several 
ecological projects for World Wildlife Fund - The Netherlands and KNAP Antillen 
Fonds under auspices of the Carmabi Foundation. These projects formed a part of this 
thesis. Aside from his regular activities as a marine ecologist, he also did a variety of 
other projects. From 1993 to 1998 he did several consultancy projects as partner of the 
Curaçao Underwater Consultancy. From 1995 to 1999 he was an examiner for the 
biology final exams on secondary schools of Curaçao. During this period he also gave 
several courses on coral reef ecology to biology teachers of secondary schools on 
Curaçao, Bonaire, St. Maarten, St. Eustatius, and Saba. During 1996 to 1997 he did two 
projects on development of teaching materials for use in marine biology classes at 
secondary schools on all islands of the Netherlands Antilles. From 1997 to 2000 he was 
a part-time biology teacher at the Curaçaos Avond Lyceum. From 1998 to 2000 he was 
employed part-time at the Representation of The Netherlands in the Netherlands Antilles 
(Ministry of Internal Affairs) to provide consular aid to Dutch prisoners. Finally, aside 
from his jobs, projects and PhD study, he was part of a group of scientists studying 
diseases in Caribbean reef invertebrates.



